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F THE various factors influencing infant mortality, weight at birth is among the 

most important. Since weight at birth, in turn, is influenced by sex, race and 
plurality, any analysis of the interrelation of the several factors involved requires a large 
series. Clinical data which are required on the back of all birth certificates in New York 
City provided material for such a study. A description of this certificate and details of the 
data included have been given by Duffield et al.1 Since in the period covered by this study 
94% of live births and about 90% of stillbirths in New York took place in hospitals, 
data on these reports regarding birth weight are thought to be quite accurate. 


MATERIAL 


For the two year period 1939-1940, certificates for a total of 209,055 live births, 6978 fetal 
deaths subsequent to 20 weeks of gestation and 5048 neonatal deaths were sufficiently complete to 
be included in this study. These figures are slightly lower than the actual number of certificates filed 
for the two years because certain of the items necessary for the analysis were not filled out on all 
certificates. The deficiencies were compensated for whenever possible. 

An important problem was presented by omission of birth weight on the certificate. Exclusion 
of cases lacking this information would have introduced a serious bias since it was clear that the 
proportion of omissions was not the same for all groups. Birth weight was omitted much more fre- 
quently from stillbirth certificates than from live births. As will be seen later, the incidence of still- 
birth varies considerably with the weight groups. Fortunately, most of the certificates from which 
weight was omitted contained a statement on duration of gestation, expressed in weeks. These state- 
ments were not exact since there was an obvious tendency to concentrate at four week intervals. 
Nevertheless, it was possible to construct tables of correlation between known birth weights and 
reported periods of gestation, of sufficient accuracy for prediction of broad weight groups from 
stated gestation. Such tables were constructed separately for white males, white females, nonwhite 
males and nonwhite females, with each group further divided for single or multiple births. On the 
basis of these tables, 2703 live births with unknown birth weight, 1.3% of the total, were assigned to 
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TABLE 1 

















REPORTED FETAL DEATHS, BY PERIOD OF GESTATION, NEw YorK City, 
1937-40 
Period of Gestation 1937 1938 1939 1940 
20 wk. and over 3,609 3,618 3,451 3,512 
Less than 20 wk. 1,193 1,360 3,279 4,306 
Not stated 45 17 101 168 
Total 4,847 4,995 6,831 7,986 





birth weight groups and could thus be included in the study. Neither birth weight nor period of gesta- 
tion was known for 493 live births, 0.2%, and these had to be excluded from the analysis. 

For stillbirths reported, birth weight was omitted much more frequently, being absent in 1871 
certificates, 27% of all the stillbirths. These could be assigned by means of stillbirth weight- 
gestation correlation tables. In only 22 stillbirths, 0.3%, was information so incomplete that they 
could not be included in the study. 

For calculation of death rates, neonatal death certificates were matched with the birth certificate 
for the child. Omission of essential data from either death certificate or corresponding birth certificate 
necessitated omission of 0.4% of the neonatal deaths. 

When dealing with stillbirth reports one is always faced with the question as to how closely the 
reported cases refiect the true situation. In many communities stillbirths are notoriously under- 
reported and New York is probably no exception to this rule. The New York City Sanitary Code is 
unusual, however, in that it requires reporting of every product of gestation and fetal deaths are 
more completely reported here than elsewhere. A measure of the completeness of reporting may be 
seen in table 1, which presents reported stillbirths by period of gestation. During the years covered 
by this table an intensive campaign was carried on to improve reporting. Despite this improvement in 
reporting fetal deaths, a special study made of 1945-1946 figures indicates that roughly 50% were 
still unreported.” 

METHODS 


Examination of fetal death rates from these data revealed some unexpected variations by race and 


TABLE 2 


CALCULATION OF WEIGHT—SPECIFIC FETAL DEATH RATES BY LIFE-TABLE METHOD, 
Mates Over 20 Weeks’ Gestation, NEw York City, 1939-1940 

















(a) (b) (c) 
Total alive Died before Fetal death 

Wt. in utero in utero at or during Born alive rate/1000 

(gm.) beginning of delivery at at given wt. (b)/(a) 
wt. group given wt. 

Under 1000 111,518 1,104 558 9.9 
1000-1499 109 ,856 381 690 3.5 
1500-1999 108 ,785 344 1,397 3:2 
2000-2499 107 ,044 366 4,837 3.4 
2500-2999 101 ,841 364 17,545 3.6 
3000-3499 83 ,932 496 40 ,703 5.9 
3500-3999 42,733 415 30,272 9.7 
4000-4499 12 ,046 202 9,609 16.8 
4500-4999 2,235 109 1,817 48.8 
5000 and over 309 57 252 184.5 
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sex. In seeking the most suitable mode of study of fetal mortality for consideration of influencing 
factors, it was suggested* that the data were quite suitable for analysis by a life table method which 
would bring out the changes more sharply. Increase in birth weight coincident with intrauterine 
growth represents the time change essential for the life table method. 

Table 2 illustrates the general method used. In any life table analysis one starts out with a group 
of persons to which specified events may occur with the passage of time. With change from each time 
interval to the next, certain individuals are subtracted from the group which is still ‘‘at risk,” that is, 
exposed to the events under study. In this table it is assumed that all the live born infants and fetal 
deaths were alive, in utero, at 20 weeks of gestation. From this point on passage of time is indicated 
as growth from one weight group to the next. 

One of three things can happen to an infant in each weight group: 1. He may be born alive. 
2. He may be born dead, having died either before or during delivery. 3. He may pass into the next 
weight group. 

If the infant is born alive it is then possible for him either to survive or die before the age of 
1 month, the neonatal period. 

Two rates calculated from these data are shown—first, a fetal death rate based on the total number 
of babies unbornt at the beginning of each weight group, and second, a neonatal death rate based 
on the total live births in each weight group. The latter is, of course, a conventional figure but the 
former is a more logical way to state fetal death rate than the conventional method of dividing fetal 
deaths by live births plus fetal deaths. The relationship of fetal deaths to the common denominator of 
total pregnancies may thus be seen. 


RESULTS 


Certain comparisons have been selected for presentation. Chart 1] shows the com- 
parison between male and female fetal death rates calculated by the life table method. 
The data are charted on semilogarithmic paper. The rates for both sexes are high 
in the under 1000 gm. group, immediately drop to a relatively lower level but start 
climbing steadily above 3000 gm. Above 5000 gm. the chances are almost one in five 
that the pregnancy will result in a fetal death. 

Differences between the sexes are very interesting. Below 3000 gm., with the exception 
of one weight group, female rates are consistently lower than male. Above 3000 gm., 
however, female rates are consistently higher than male, with the exception of the last 
weight group, over 5000 gm., which involves small numbers. This increase in fetal 
mortality rate above 3000 gm. is in contrast to the consistent advantage which the female 
holds after being born alive. 

The two fetal death curves are so similar in pattern that one has the impression that 
they could be superimposed by a slight shift. To bring this about by a shift of the male 
curve would mean essentially subtracting 100 or more grams from each weight group, a 
compensation for the greater mean weight at birth shown by males. 

It is difficult to understand, however, the reason why 2000 gm. females should have a 
lower fetal death rate than 2000 gm. males, or that, vice versa, a 4500 gm. female should 
have a higher rate than a 4500 gm. male. One may, of course, postulate, since in the first 
instance the male, and in the second instance the female, is farther removed from the 


* The authors are indebted to Miss Marjorie T. Bellows for this suggestion and for her counsel 
in interpreting the results. 

+In the first weight group this figure represents all the infants included in the study. In sub- 
sequent lines it represents the figure in column (a) of the preceding line less the total in columns 
(b) and (c) of that line. 

+ Basic data from which all figures were constructed are found in Appendix Table A. Rates for 
chart 1 are found in Appendix Table B. 
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mean birth weight for the respective sex, that some pathologic process is more likely 
to be present as the difference from the average becomes greater. One may also assume 
that greater distance from the mean represents more immaturity or ‘‘postmaturity,” as the 
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WEIGHT IN UTERO (gm.) 
CuarT 1. Fetal Death Rates,* by Sex; New York City, 1939-1940. 


* Fetal deaths during weight-period, per 1,000 fetuses alive in utero at beginning of weight-period. 


APPENDIX TABLE A 


Live Brrtus, Feta DEATHs (OF 20 oR MorE WEEKS’ GESTATION) AND NEONATAL 
(UNDER 1 MontH) DEATHS, WEIGHT—SPECIFIC BY SEX AND BY 
Cotor, NEw York City, 1939-1940 








By Sex By Race 
Birth Wt. Neonatal Neonatal 
(gm.) Live Births Fetal Deaths Deaths Live Births Fetal Deaths Deaths 
. Male Female Male Female Male Female White Nonwhite White Nonwhite White Nonwhite 





Under 1000 558 490 1,104 799 499 392 889 159 1,601 757 
1000-1499 690 701 381 378 485 384 1,202 189 667 745 
1500-1999 1,397 1,597 344 306 385-281 2,614 380 565 597 
2000-2499 4,837 5,767 366 305 358 256 9,358 1,246 602 538 
2500-2999 17,545 22,600 364 316 362-284 «=: 36,022 4,123 595 589 
3000-3499 40,703 41,277 496 493 411 286 = 75,750 6,230 915 638 
3500-3999 30,272 22,553 415 311 161 49,936 2,889 663 399 
4000-4499 9,609 5,469 202 149 62 14,392 686 327 164 
4500-4999 1,817 812 109 = 59 10 2,538 91 157 35 
5000 andover 252 109 sta 4 347 14 73 14 
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APPENDIX TABLE B 


Weicut—Speciric Fetat DeatH RATES* By SEX AND BY COLOR, 
New York City, 1939-1940 








Wt. in utero Fetal death rates 
(gm.) 





Nonwhite 


< 
ry 

o 
= 
Ee. 
o 
o 


Female 





Under i000 
1000-1499 
1500-1999 
2000-2499 
2500-2999 
3000-3499 
3500-3999 
4000-4499 
4500-4999 
5000 and over 184.5 


18.0 
5.6 
5.3 
4.4 
5.9 
7.3 

16.6 

28.8 

88.7 

363 .6 


DAONnwwwwo 
CUISCARN WO 


_ 


_ 

os 

00 
OmPWwwswweoro 


~ — 
BSeSrCAWwWN WO 


—s 





* Fetal deaths during weight-period, per 1,000 fetuses (of 20 or more wk.’ gestation) alive in utero at 
beginning of weight-period. 


case may be, and that therefore mortality varies with maturity rather than with weight 


per se. 

Chart 2* shows the neonatal death rates for the two sexes. The over-all picture is strik- 
ingly different. Extremely high rates in the low weight groups may be compared with 
the relatively low fetal death rates for the same groups. The upward trend in the higher 
weight groups, when considered in conjunction with the high fetal death rates for these 


groups, serves to highlight the too infrequently emphasized fact that the baby who is well 
above the mean weight is not a very good risk. 

The relationship of the rates for the two sexes presents an obvious contrast to the 
fetal death rates. In every weight group but one, the neonatal death rates for females are 
lower, illustrating again the relative hardiness of the “weaker” sex, evident in every age 
period of life. Why there should be this difference between the patterns of fetal and 
neonatal death rates is not clear. The postulate regarding relative maturity as compared 
to relative size apparently does not hold, once live birth has taken place. To be more 
specific, a 5000 gm. female is certainly relatively farther from the mean birth weight for 
females than is a 5000 gm. male from the mean for males, yet the male has the greater 
mortality rate. Search for an explanation for these variations will certainly require more 
knowledge of intrinsic biologic and pathologic processes in the two sexes than we now 
have. Here the death certificate is not likely to be of much help. It is essential to have de- 
tailed histories of mother and child and to make accurate observations at the autopsy table 
before the significance of such factors as maternal nutrition, complications of pregnancies, 
or diabetes in the mother can be assayed. 

It has been pointed out previously that the curves for fetal and neonatal death rates are 
dissimilar with the peak of the latter in the low weight groups, and of the former in the 
upper weight groups. At some point on the weight scale, therefore, further increase in 
weight at birth changes from an advantage to a disadvantage. This point may be con- 


* Rates for this chart are shown in Appendix Table C. 
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sidered the “best birth weight’’ since, other factors being equal, a fetus will have the 
best chance of being born alive and surviving if he is born at this weight and does not 
remain longer in the uterus. 
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CHART 2. Neonatal Death Rates,* by Sex; New York City, 1939-1940. 
* Per 1,000 live births. 
APPENDIX TABLE C 
WeiIGHT—SpeEciFic NEONATAL DEATH RaTEs,* BY SEX AND BY COLOR, 
New York City, 1939-1940 
Birth wt. Neonatal death rates 
(gm.) 
Male Female White Nonwhite 
Under 1000 894 800 852 843 
1000-1499 703 548 620 656 
1500-1999 276 176 228 182 
2000-2499 74 44 57 61 
2500-2999 21 13 16 14 
3000-3499 10 7 8 9 
3500-3999 9 7 8 15 
4000-4499 11 fi 11 9 
4500-4999 16 12 14 44 
5000 and over 44 37 40 71 





* Deaths under 1 mo., per 1000 live births. 
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TABLE 3 


CALCULATION OF WEIGHT—SPECIFIC COMBINED DEATH RATES, MALES OVER 20 WEEKs’ 
GestTaTIon, NEw York City, 1939-1940 











Wt. (a) (b) (c) (d) (e) 





in utero Subsequent Subsequent Subsequent Total Combined 
gm. births fetal neonatal subsequent death 

deaths deaths deaths rate/1000 
500 111,518 3,838 2,928 6,766 60.7 
1000 109 ,856 2,734 2,429 5,163 47.0 
1500 108 ,785 2,353 1,944 4,297 39.5 
2000 107 ,044 2,009 1,559 3,568 33.4 
2500 101,841 1,643 1,201 2,844 27.9 
3000 83 ,932 1,279 839 2,118 2552 
3500 42 ,733 783 428 1,211 28.3 
4000 12,046 368 148 516 42.8 
4500 2,235 166 40 206 92.2 
5000 309 57 11 68 220.1 








Estimation of best birth weights can be accomplished by the method illustrated in 
table 3. The first column is the same as the first column in table 2 and may be obtained in 
the same way, or by adding all births (live and still) that occur at or after the given 
birth weight. Columns (b) and (c) are, respectively, the sums of all fetal and neonatal 
deaths that occurred at or after the given weight. Column (d) is the sum of the two 
preceding columns. 

Column (d), therefore, gives, for fetuses alive in utero at any given weight, the 
number who will have died by one month after birth. The ratio of column (d) to column 
(a) will, in turn, state the total risk of death of a fetus who has reached a given weight 
in utero regardless of whether it is born immediately or after still further growth. 

Tables were prepared in this manner for each sex-color group and “best birth weight” 
was found by interpolation with Bessel’s formula. Chart 3* gives the combined death 
rates for each sex, calculated by the method outlined in table 3. Of every 1000 females 
alive in utero at 2500 gm., 23.0 will not be alive at 1 month of age; whereas of every 
1000 at 3000 gm., 21.8 will not survive. It is evident, therefore, that the prospects for 
survival of a female fetus are brighter at 3000 than at 2500 gm. However, they are less 
bright at 3500 (rate 26.4) than at 3000. At some point between 2500 and 3500 gm., the 
combined mortality rate stopped decreasing and began to increase. That point (found by 
interpolation to be 2880 gm.) at which the combined rate is a minimum is the point at 
which it becomes a disadvantage to remain in utero and, therefore, an advantage to be 
born. 

The best birth weight for males is 3000 gm., compared to 2880 gm. for females. The 
lower weight for females is consistent with their lower average weight. It may also be 
noted that at each level the combined female rates are lower than the male, except for the 
highest weight groups. 

Since these data were obtained from a cosmopolitan city, composed of all economic 
groups and races, universal significance should not be attached to the actual figures. 
Furthermore, “‘best weight” is more likely to be a range than a single point on the curve. 





* Data contained in Appendix Table D, 
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CuartT 3. Combined Death Rates,* by Sex; New York City, 1939-1940. 
* All fetal and neonatal deaths subsequent to given weight, per 1,000 fetuses alive in utero at 
given weight. 


APPENDIX TABLE D 


WeicHt—Speciric COMBINED DEATH RATEs,* AND “Best BirTH WEIGHTS,” 
BY SEX AND Cotor, NEw York Ciry, 1939-1940 














Wt. in utero Combined death rates 
(gm.) 
Male Female White Nonwhite 
500 60.7 50.3 53.4 82.3 
1000 47.0 39.4 42.1 58.0 
1500 39.5 32.4 35.3 45.6 
2000 33.4 at 29.8 37.1 
2500 27.9 23.0 25.1 30.3 
3000 25.2 21.8 23.3 28.9 
3500 28.3 26.4 26.7 42.0 
4000 42.8 46.5 43.1 64.8 
4500 92.2 96.6 89.5 193.5 
5000 220.1 210.6 207.1 409.1 
“Best Birth Weight” 3,000 2,880 2,990 2,830 





* All fetal and neonatal deaths subsequent to given weight, per 1,000 fetuses (of 20 or more weeks’ 
gestation) alive in utero at given weight. 
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The sex differences cited are, of course, of retrospective rather than predictive importance. 
The concept of best weight may, however, have practical significance. In view of the 
much greater risk of either fetal or neonatal death in the upper weight groups, it is con- 
ceivable that further studies may indicate an upper limit of “safe weight’ for various 
population groups. When an obstetrician believes that a baby is growing too large without 











— WHITE 


—-— NONWHITE 








60 }+— 
50 + 
40 _ 








30 


20 

















RATE PER 1000 LIVE FETUSES 























1000 1500 2000 2500 3000 3500 4000 4500 5900 5500 


WEIGHT IN UTERO (gm.) 


Cuart 4. Fetal Death Rates,* by Color; New York City, 1939-1940. 
* Fetal deaths during weight-period, per 1,000 fetuses alive in utero at beginning of weight-period. 


labor having occurred spontaneously, artificial induction is usually practiced. Data such 
as these may supply more accurate guides for this procedure. 

A second major factor to be discussed is that of race. Here, of course, another considera- 
tion enters, Whereas no consistent economic factor can affect sex differences in a series 
like this, economic differences greatly influence analysis by race. Dugald Baird* has re- 
cently demonstrated again the consistent inverse relation between economic status and 
both fetal and neonatal mortality. Burke, Beal, Kirkwood and Stuart, Warkany,® Ebbs, 
Tisdall and Scott® and the Interim Report of the People’s League of Health’ have all 
emphasized the effect of prenatal nutrition on size and status of offspring. That the colored 
race, in general, lives at a much lower economic level and suffers from much poorer 
nutrition, should be borne in mind in connection with the following discussion. 

It has long been known that the average weight of nonwhite infants at birth is less than 
that of white infants, and it has been shown that weight for weight one can expect a 
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nonwhite infant to be more mature than a white infant (Dunham, Jenss and Christie ;* 
Anderson, Brown and Lyon®). Whether this difference is intrinsic or associated with 
socio-economic conditions cannot be determined from these data. Since the relationship 
of birth weight for nonwhite and white is very similar to that for female and male, one 
might also expect similarity in the relationship of fetal and neonatal death rates. 

Chart 4 shows fetal death rates for the two races. At the upper end of the weight 
range chart 4* does resemble chart 1, but at the lower end the fetal death rate for nonwhite 
infants is higher than that for white, instead of being lower. 
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CuHaRT 5. Neonatal Death Rates,* by Color; New York City, 1939-1940. 
* Per 1,000 live births. 


Chart 5+ shows neonatal rates for the two races. Here again there is similarity to the 
female-male relationship in chart 2 in the upper weight groups where higher rates for 
nonwhites are evident, but the rates in the lower weight groups are almost identical, unlike 
chart 2. If the male-female analogy were to hold, nonwhite infants, presumably more 
mature, weight for weight, should have consistently lower neonatal death rates. Inspection 
of the curves in charts 4 and 5 indicates that a downward adjustment of the nonwhite rates 
would produce a picture similar to the sex comparison in charts 1 and 2. Such an adjust- 
ment implies that certain factors consistently influence nonwhite infants unfavorably causing 
them to have relatively higher mortality rates in each weight group. 

In their analysis of the effect of race and sex on birth weight Anderson, Brown and 


* Data in Appendix Table B. 
+ Date in Appendix Table C. 
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Lyon® pointed out that lower mean birth weight in the nonwhite is also associated with 
lower mean period of gestation. In regard to sex, while the mean birth weight of females was 
significantly lower than that of males, no difference in gestation could be demonstrated. 
Period of gestation may well be influenced by socio-economic conditions and variation in 
this period may, in turn, help to explain the racial differences both in birth weight and neo- 
natal mortality. It was suggested by these authors that a lower weight be taken as the 
criterion of prematurity for nonwhite infants. This may be justified from the standpoint of 
analysis of results but the similarity of mortality experience in the data reported here 
makes it seem desirable not to attempt such a distinction from the practical standpoint of 
selection for specialized care. 

Dunham”? has pointed out that data available at present do not demonstrate a true racial 
difference in birth weight and Eastman™ feels that the difference is on an economic 
rather than a racial basis, with maternal nutritional deficiency a very probable explanation. 


TABLE 4 


PREMATURE MortTALity RATEs (PER 100 Live Brrtus), 22 Hospirats IN 
New York City, By Cotor, 1940-1942 








Birth wt. (in gm.) 











1500-1999 2000-2499 
1940 1941 1942 1940 1941 1942 

Under 1 day 

White 12 14 12 - 2 3 

Nonwhite 8 8 8 3 1 2 
Before discharge 

White 22 24 23 7 5 6 

Nonwhite 17 13 15 6 5 2 





The effect of extra care on mortality in premature infants when studied by race and 
weight was demonstrated in an interesting parallel observation illustrated in table 4. 
During the period of this study a special project was going on in New York City for the 
care of premature infants. Twenty-two hospitals cooperated and, as part of the program, 
reported their mortality figures by race and weight group. In this series the expected ad- 
vantage for nonwhite infants in the lower weight groups does materialize. This is unques- 
tionably connected with increased interest in prematurity in these hospitals and resultant 
superior care, Since this advantage has been demonstrated in many other studies of pre- 
maturity (Peckham’), it tends to throw doubt on the genetic significance of the city- 
wide data by race and emphasizes the importance of the extrinsic factors which must enter 
into comparison by race, while not affecting comparison by sex. It may also bear repeating, 
that in comparing fetal and neonatal death rates between hospitals, or between cities, 
the data must be separated by race if valid conclusions are to be drawn. If one can 
assume that comparable medical and nursing care is being given, hospitals and, for that 
matter, communities should be able to report consistently lower mortality rates for 
nonwhite premature infants than for white. 

Determination of combined death rates and estimation of ‘‘best birth weights” by race 
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were made in the same manner as for the two sexes and the results are presented in 
chart 6.* Although, as would be expected from the previous charts, the nonwhite rates are 
consistently higher, the best birth weight for nonwhites is lower. One cannot assume that 
this difference is intrinsic, for the reasons just cited, and data would have to be accumu- 
lated under conditions which were comparable from a socio-economic and medical care 
standpoint before drawing conclusions. 
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CHART 6. Combined Death Rates,* by Color; New York City, 1939-1940. 
* All fetal and neonatal deaths subsequent to given weight, per 1,000 fetuses alive in utero at 
given weight. 
SUMMARY AND CONCLUSIONS 


Analysis was made of 209,055 live births, 6978 fetal deaths subsequent to 20 weeks 
of gestation, and 5048 neonatal deaths, reported in New York City in 1939 and 1940. 
Comparison was made of fetal death rates per 1000 unborn children in each weight group 
by means of a modified life table method and of neonatal death rates per 1000 live births 
in each birth-weight group, for the two sexes and for the white and nonwhite races. 

For all infants, fetal death rates, so calculated, are relatively low and neonatal death 
rates very high in the lower weight groups. Both rates go up sharply in the higher weight 
groups, indicating that infants much over average weight are not good risks. 

Lower fetal death rates were observed for females in the weight groups below 3000 
gm. and for males in the weight groups above 3000 gm. Neonatal death rates were lower 
for females throughout. 


* Data in Appendix Table D. 
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The implication appears to be that relative maturity is more important than size in 
regard to variation in fetal death rate. _ 

Comparison by race indicates consistently higher nonwhite fetal death rates for nonwhite 
infants in all weight groups. Neonatal death rates were similar for white and nonwhite in- 
fants in the lower weight groups but higher for nonwhite infants in the upper weight 
groups. A study in 22 hospitals, giving presumably better care than the city-wide average, 
showed lower neonatal rates for the nonwhite infants in the lower weight groups. It is 
inferred that comparisons of observed mortality differences by race must consider differences 
between the races in regard to extrinsic factors such as economic status, nutrition and care. 

For practical purposes a uniform criterion of birth weight, 2500 gm., should be main- 
tained in the diagnosis of prematurity. 

Using a method of combining fetal and neonatal mortality experience to measure the 
total risk to unborn children of different weights, it was possible to calculate “best birth 
weights.’ These were found to be about 120 gm. lower for female than for male, and 
about 160 gm. lower for nonwhite than for white births. 
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SPANISH ABSTRACT 


Relacion del Peso con la Mortalidad del Feto y del Recien nacido; 
Influencia del Sexo y del Color 


Se analizaron los datos correspondientes a 209,055 nacidos vivos, 6,978 fallecidos de mas de 20 
semanas de gestacién y 5,048 muertes neonatales informados en la ciudad de Nueva York durante 
los afios 1939 y 1940. Mediante una modificaciébn del método de tablas de vida se hizo un estudio 
comparativo de los coeficientes de mortalidad fetal por cada mil fetos correspondientes a diferentes 
grupos de peso al nacer. También se estudiaron comparativamente los coeficientes de mortalidad neo- 
natal por cada mil nacidos-vivos en los diferentes grupos de peso al nacer. En ambos casos ademas 
del peso al nacer se tomaron en consideracién el sexo y el color o raza. 

Los coeficientes de mortalidad fetal (morti-natalidad) asi calculados resultaron relativamente 
bajos, pero los coeficientes de mortalidad neonatal resultaron bastante elevados en los grupos de 
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menor peso. En ambos coeficientes se observé6 un aumento rapido al llegar a los grupos de mayor 
peso, lo que indica que el nifio cuyo peso excede en mucho el peso promedio esta expuesto a mayores 
riesgos. 

En los grupos de menos de tres mil gramos (3,000 g.) de peso en las hembras, y da mas de tres 
mil gramos (3,000 g.) de peso en los varones, se observaron los coeficientes mas bajos de mortalidad 
fetal. En todos los casos los coeficientes de mortalidad neonatal fueron menores ‘en las hembras. 

La implicacién parece ser que las variaciones en el coeficiente de mortalidad fetal depende mas de 
la madurez relativa del feto que de su tamafio. 

La comparacién racial indica consistentemente coeficientes de mortalidad fetal mas elevados en 
la raza de color que en la blanca en todos los grupos de peso. Los coeficientes de mortalidad neonatal 
resultaron similares para la raza blanca y la de color en los grupos de menor peso, pero en los 
grupos de mayor peso, resultaron mas elevados en la raza de color. Un estudio realizado en 22 hos- 
pitales, que se presume brindan mejor cuidado que el que corresponderia a lo que pudiéramos con- 
siderar el promedio general para la ciudad, demostré coeficientes de mortalidad neonatal mas bajos 
para los nifios de color en los grupos de menor peso. Deducimos, por lo tanto, que toda comparacién 
de las diferencias observadas entre ambos grupos raciales debe tomar en consideracién factores ex- 
trinsicos como condicién econémica, nutricién y cuidado o atencién. 

Para fines practicos, consideramos necesario mantener un Criterio uniforme de peso al nacer, de 
2,500 gramos, en el diagndéstico de los nacimientos prematuros. 

Mediante el uso de un método para combinar las experiencias relativas tanto a la mortalidad fetal 
como a la neonatal, con el propésito de medir el riesgo total de los fetos de diferente peso, fué - 
posible calcular el peso éptimo para nacer. Este result6 ser para las hembras de 120 gramos menor que 
para los varones. De la misma manera para la raza de color result6 160 gramos menor que para la 
raza blanca. 


125 Worth Street, New York City 
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PRECOCIOUS PUBERTY 


By CHARLES W. LLoyp, M.D., JuLia Losotsky, M.S., 
AND MURIEL MORLEY, B.A. 
Syracuse, N.Y. 


— puberty represents the premature differentiation of secondary sexual 
tissues as a result of stimulation by certain steroid substances—androgens or estrogens. 
Two different and distinct types of precocity exist, although the external manifestations 
resulting from the steroid effects on the sexual tissues may be identical. One type of 
precocity, in which both germinal and endocrine elements of the gonad are stimulated, 
is the result of increased gonadotrophin secretion by the adenohypophysis and is therefore 
called “pituitary precocity.”” The term “constitutional precocity,” first proposed by Novak,’ 
is employed as synonymous with “pituitary precocity of constitutional origin’ and is used 
to designate patients in whom none of the known causes of precocity can be found and 
who are shown to have increased gonadotrophin excretion. In the other type of precocity, 
which results from autonomous secretion of steroids by the adrenals or gonads, the 
germinal elements are not stimulated. When the source of steroid is the adrenal cortex, 
these patients are said to have “juvenile adrenogenitalism.”” The term “gonadal precocious 
puberty” implies that the source of the increased steroids is the gonad and that the gonad 
has an autonomous secretory pattern. Hamblen? has termed sexual precocity resulting 
from increased gonadotrophin secretion, associated with germinal epithelial stimulation, 
“precocious sexual maturation”; he calls the early development of the secondary sexual 
characteristics due to elevated steroid levels of whatever cause “precocious sexual differ- 
entiation.’” Normal and abnormal sexual development has been reviewed by Wilkins.* 

A fairly large number of patients with hypophyseal precocity resulting from hypo- 
thalamic lesions has been described. Tumors of many types as well as infectious processes 
may be involved. Hain* summarizes only 17 such cases from the literature, but Hamblen? 
has found at least 28 cases. Papez and Ecker® have studied in detail the brain of a boy 
with hypophyseal precocity due to a hypothalamic tumor. Hain states that males are much 
less commonly affected than are females. 

Novak’ in 1944 reported nine cases of “‘constitutional precocious puberty.” Hain‘ has 
recently summarized the literature, finding 13 females reported and adding 5 female 
cases of his own. He accepts the boy described by Young* as being a possible case of 
“constitutional precocity’’ but states that he has not been able to find any other reports 
of males with constitutional precocity. Hain describes two boys with this syndrome. 
Wilkins* believes that probably 80 to 90% of the cases of precocious sexual development 
fall into this category. 

Because the present authors believe that these conditions are more frequently encoun- 
tered than the relatively few cases reported would indicate and to illustrate the features 
which permit a differentiation from juvenile adrenogenitalism or gonadal precocious 
puberty, four juvenile cases of probable constitutional precocity and one juvenile case of 
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hypophyseal precocity associated with a hypothalamic lesion of undetermined type are 
described in this paper. An adult female with a history of constitutional precocity who 
illustrates the outcome to be expected in patients of this type is also briefly presented. 


METHODS 


The technics for measuring mouse uterine weight increasing (m.u.u.) and mouse ovarian hyper- 
emia producing (m.h.u.) materials in the urine have been described.’ Urinary estrogen excretion was 
measured by the method of Smith, Smith, and Schiller® and 17-ketosteroid excretion by a modification 
of the method of Callow, Callow and Emmens.® (See table 1.) 


TABLE 1 


Urinary HorMONE VALUES FOR NORMAL PREPUBERAL CHILDREN 











Gonadotrophin 
Uterine Wt. Ovarian Hyperemia 17-Ketosteroid Estrogen 
m.u.u./24 hr. m.h.u./24 hr. mg./24 hr. Rat units/24 hr. 
<4 | <4 3-3.5 4 





Case REPORTS 


Case 1, E. S., a 51% yr. old male (Figs. 1 and 2). 

Chief Complaint: Statural and sexual precocity for 2 yr. 

Present Illness: Two years before admission the patient was first noted to have genital development 
greater than normal for his age and to be considerably taller than his coevals. Development has since 
been symmetric and rapid. Sexual activity has been marked, with frequent masturbation. 

Physical Examination: Patient is a symmetrically developed, large boy whose height of 137.4 cm. 
is 20 cm. greater than the upper limit of the normal range for his age. Other measurements are com- 
mensurately increased. Musculature is excellent and the body appears to be that of a 10 yr. old boy. 
Pubic hair is fairly abundant, with a feminine escutcheon. No axillary hair is present. The genital 
development is marked. Penis is large, measuring 10 cm. long by 10 cm. in circumference at the corona. 
Testes measure 3.5 cm. in length and are of normal turgor. 

Laboratory Examination: Routine hematologic studies and urinalysis-are not remarkable; BMR + 
6%; roentgenogram of the skull shows no abnormalities with a normal sella turcica; RGs of 
epiphyses show a bone age of 10 yr.; I.V. pyelograms show no renal defect; 17-ketosteroid excretion 
3 mg. in 24 hr.; gonadotrophin excretion in 3 different 24 hr. periods 0, 4, 16 m.u.u. and 4 m.h.u. 
in 24 hr. on 1 occasion; testicular biopsy (Fig. 2) shows early spermatogenesis. Psychometric evalua- 
tion shows a mental age of 6 yr., I.Q. of 111. 

Diagnosis: Probable constitutional pituitary precocity. 


Case 2, N.S., a 5% yr. old female (Fig. 3). (Patient of Dr. T. C. Wyatt.) 

Chief Complaint: Excessive statural and breast development. 

Present Illness: Development of the breasts of this child has been prominent for the~past 3 yr. 
Body growth has been symmetric and rapid, the patient being taller than her coevals. No vaginal bleed- 
ing has occurred. One year ago, the patient was examined rectally by a gynecologist who could find no 
pelvic abnormality. 

Physical Examination: Patient is a symmetrically developed, fairly well nourished girl whose 
height of 123.3 cm. is 13 cm. taller than the upper limit of normal range for her age. There is no 
axillary hair, a slight pubic fuzz. Breasts are developed in the primary mamma stage. Ductular 
tissue is palpable in each breast. On rectal examination (performed by Dr. E. C. Hughes) the 
cervico-uterine ratio is juvenile, ovaries are palpable but not enlarged. 

Laboratory Examination: Routine hematologic studies and urinalysis are not remarkable; RG of 
the skull shows no abnormalities with a normal sella turcica; RGs of the epiphyses show a bone 
age of 10 yr.; 17-ketosteroid excretion 1.7 mg. in 24 hr.; gonadotrophin excretion 8 m.u.u. in 24 hr.; 
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estrogen excretion less than 5 r.u. in 24 hr. Vaginal smear shows considerable estrogen effect with 
polygonal nucleated basal cells in predominance, and an occasional cornified cell. 

Diagnosis: Probable constitutional pituitary precocity. 


Case 3, J. H., an 11 yr. old female (Fig. 4). (Patient of Dr. N. R. Chambers.) 

Chief Complaint: Precocious sexual development. 

Present Illness: Menarche occurred at 7 yr., periods since being regular with an approximate 28 
day cycle. Recently has had lower abdominal cramps and fullness premenstrually. Taller and more 
mature than coevals. . 

Physical Examination: Thin, mature appearing, symmetrically developed girl who is 164.5 cm. 





Fic. 1. E. S., 5% yr. 
old boy with constitutional 
pituitary precocity. Fic. 2. 
Testicular biopsy from 
E. S. Note increased de- 
velopment of both ger- 
minal and interstitial ele- 
ments. Seminiferous _ tu- 
bules contain spermatids 
and few early spermatozoa. 


tall, this being 5.5 cm. taller than the upper limit of the normal range for her age. She is well 
feminized with normal adult body hair distribution, well developed breasts and gynecoid body 
habitus. Genitalia are well developed and rectal palpation discloses a uterus two thirds adult size 
with a utero-cervical ratio of 1:1. 

Laboratory Examination: Routine hematologic and urine studies are not remarkable. RG of the 
skull shows no abnormalities with a normal sella turcica. RGs of epiphyses show a bone age of 
17 yr. 17-Ketosteroid excretion 5.3 mg. in 24 hr.; gonadotrophin excretion 8 m.u.u. in 24 hr.; 
vaginal smear shows marked estrogen effect with numerous cornified cells. 

Diagnosis: Probable constitutional pituitary precocity. 
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Case 4, B. H., a 714 yr. old female (Fig. 5). 

Chief Complaint: Precocious sexual development. 

Present Illness: Menarche occurred 2 wk. before admission, bleeding lasting 1 wk. Breast develop- 
ment first was noticed 5 mo. ago and pubic hair first appeared 1 mo. ago. Rubeola, without encephalitis 
or sequelae, occurred 6 mo. ago. 

Physical Examination: Tall, well nourished girl, who is 142 cm. tall which is 16 cm. greater 
than the upper limit of normal for her age. There is a slight growth of black pubic hair. Breasts 





Fic. 3. N. S., 5% yr. old girl with constitutional pituitary precocity. Vaginal 
smear shows considerable estrogen effect. Menarche has not occurred. 
Fic. 4. J. H., 11 yr. old girl with constitutional pituitary precocity. Menarche 
occurred at age of 7 yr. 


are in the primary mamma stage with definite glandular tissue present. Rectal palpation reveals a 
uterus one quarter adult size, with utero-cervical ratio of 1:1. 

Laboratory Examination: Hematologic and urine studies are not remarkable. RG of the skull 
shows no abnormalities with a normal sella turcica. RGs of the epiphyses show a bone age of 914 
yr. 17-Ketosteroid excretion 2.36 mg. in 24 hr.; gonadotrophin excretion 4 m.u.u. and 64 m.h.u. in 
24 hr. Vaginal smear shows a marked estrogen effect with numerous cornified cells. 

Course: For 1 yr. patient has continued in good health, having acyclic menses at 1 to 5 mo. in- 
tervals. 

Diagnosis: Probable constitutional pituitary precocity. 


Case 5, E. K., a 24 yr. old female (Fig. 6). (Patient of Dr. Seymour Schwartzberg. ) 

Chief Complaint: Obesity and shortness of stature. 

Present Illness: Patient began to have secondary sexual development at the 6th yr. with menarche 
occurring at 8 yr. Growth was rapid and patient was considerably taller than other children of the same 
age until the age of 12 yr., when linear growth ceased. Menses have been cyclic and regular, with 
moderate dysmenorrhea, fairly severe premenstrual edema and tension with gain of several pounds 
of weight immediately premenstrually and diarrhea, diuresis and weight loss following onset of 
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bleeding. Following cessation of linear growth at 12 yr. of age, patient gained weight fairly rapidly 
until at present she is quite obese. 

Physical Examination: Patient is a short (146 cm.), stocky woman who has the superficial 
appearance of an achondroplastic dwarf with a fairly normal body length but markedly shortened 
extremities. Span is 7.5 cm. less than height, lower measurement is 16.5 cm. less than upper measure- 





Fic. 5. B. H., 74 yr. old girl with probable constitutional precocity. Menarche 
occurred at age of 714 yr. 
Fic. 6. E. K., 24 yr. old woman with history of probable constitutional pituitary 
precocity. 'Menarche occurred at 8 yr., linear growth ceased at 12th yr. 
Fic. 7. B. G., 10 yr. old girl with pituitary sexual precocity associated with lesion in 
hypothalamus. Menarche occurred at 8 yr. 


ment. Obesity is generalized. Patient is well feminized with feminine distribution of body hair and 
well developed breasts. Uterus and adnexal structures are normal. 

Diagnosis: Dwarfism due to premature epiphyseal closure caused by constitutional pituitary pre- 
cocity. 


Case 6, B. G., a 10 yr. old female (Fig. 7). (Patient of Dr. W. J. Peacher.) 

Chief Complaint: Precocious sexual development. 

Present Illness: Menarche occurred at 8 yr. and periods have since been about 2 mo. apart. Breast 
development has been marked for several years but exact age of onset of breast growth is not known. 
Patient has been mentally deficient since birth. 

Physical Examination: Patient is a fairly well developed, large girl with a moderate kyphosis, 
whose height of 145.5 cm. is about 5 cm. greater than the upper limit of the normal range for her 
age. The facies is dull and lethargic. Speech is slurred and nasal. Skin is oily with facial comedones. 
Axillary and pubic hair is abundant. Teeth are well formed second dentition. Thyroid is not re- 
markable. Breasts are large, the left breast being larger than the right. The areolae are large; the 
nipples are erect. The ductular tissue is abundant. Abdomen—not remarkable. Extremities are sym- 
metric. Pelvic examination: external genitalia. mature. Unidigital examination impossible because 
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of intact hymen. Rectal examination: the uterus is anterior, has a cervico-uterine ratio of 1, and is 
two thirds normal adult size. No ovaries or adnexal masses are felt. 

Laboratory Examination: Routine hematologic studies and urinalysis are not remarkable; RG of 
sella turcica is not abnormal. Encephalograms show abnormal filling in the region of the hypo- 
thalamus; RGs of the long bones and epiphyses show a bone age of greater than 12 yr. and normal 
long bone architecture; 1.Q. 43; urinary gonadotrophin excretion, 16 m.u.u. and 240 m.h.u. in 24 
hr.; vaginal smear shows full estrogen effect with cornification. 

Diagnosis: Pituitary sexual precocity associated with a lesion in the region of the hypothalamus. 


DIscuSSION 


Hormone excretion findings in patients with precocious puberty are summarized in 
table 2. The first five patients described probably represent examples of hypophyseal pre- 
cocity of the constitutional type. This diagnosis was made for E, S., N. S. and J. H. because 


TABLE 2 


Urinary HorRMONE VALUES FOR CHILDREN WITH PRECOCIOUS PUBERTY 























Gonadotrophin 17-Ketosteroid Estrogen 
Uterine Wt. Ovarian Hyperemia 
m.u.u./24 hr. | m.h.u./24 hr. mg./24 hr. Rat units/24 hr. 
Pituitary Precocity 4 to 64 | 4 to 64 Slight increase | Slight increase 
Adrenogenitalism 
Gonadal Precocity in <4 <4 Considerable Little or no in- 
Males increase crease 
Gonadal Precocity in ? | ? Slight increase | Considerable 
Females increase 














of the advanced gonadal function with no demonstrable lesion and only moderately in- 
creased 17-ketosteroid excretion, coupled with definitely elevated gonadotrophin excretion. 
The diagnosis was made from the history in the case of E. K. In this patient, the menarche 
at 8 years with excessive tallness until 12 years of age, at which time. linear growth 
ceased, and the present tendency towards dwarfism with apparently normal ovarian func- 
tion are typical of the picture of constitutional precocity. The history of rubeola in B. H, 
shortly before the appearance of first signs of sexual differentiation introduces the possi- 
bility that the hypothalamus may have been injured by the infection. Although this pos- 
sibility cannot be definitely excluded, it is unlikely because of the complete absence of 
any symptoms of altered hypothalamic function. The lesion of the hypothalamus in B. G. 
probably is related to the cause of the precocity. Therefore, the diagnosis of “pituitary 
pfecocity associated with a lesion in the region of the hypothalamus” was made in this 
case. 

Differentiation between pituitary precocity and adrenogenitalism or gonadal precocity 
is relatively simple. Since pituitary precocity represents simply the early appearance of 
normal phenomena, these patients have the appearance of normal children of several 
years’ greater age. Physical and laboratory examinations reveal findings normal for children 
of a chronologic age commensurate with the patient’s sexual development. The endocrine 
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function can be evaluated by the gonadotrophin and steroid excretion values, which are in 
the usual range for children of an age equivalent to the patient’s ‘‘sexual age.’ In these 
patients, the steroid pattern is the result of stimulation to the gonad by gonadotrophin. 
Similarly, the germinal epithelium reflects gonadotrophin stimulation. 

In patients with increased androgen production, such as occurs in adrenogenitalism, 

arrhenoblastoma and Leydig cell tumor or hyperplasia, abnormalities detected by physical 

“and laboratory examinations are principally the results of the high androgen level. In both 
males and females, sexual differentiation is in the masculine pattern. Hirsutism, acne, 
marked muscular development with a masculine body habitus, clitoral or penile hyper- 
trophy, advancement of bone age and increased androgen excretion are found. 

In the presence of an increased estrogen production, such as occurs with granulosa 
cell tumors or occasionally with abnormal adrenal cortical activity,? 1 precocity is of the 
feminine pattern. Stigmata of increased estrogen production, such as feminization, 
maturation of the vaginal epithelium, uterine enlargement and bleeding, advancement of 
bone age and increased urinary estrogen excretion will be found. In males, feminization 
occurs. Germinal precocity is not present. 

Recently, a procedure has been devised which utilizes the production of ovarian hyper- 
emia in the mouse as an end-point for estimation of urinary gonadotrophin.’ It is felt 
that this reaction is the result of luteinizing hormone or of luteotrophin. It can be used 
in conjunction with the uterine weight assay, which is considered to be primarily an index 
of follicle-stimulating hormone,’? to give a rough differentiation of urinary gonado- 
trophins. The urine of sexually mature humans of both sexes contains materials which 
produce both of these reactions. These materials have not been found in the urine of 
sexually immature children. The material which produces uterine weight increase and is 
considered to be’ follicle-stimulating hormone has been found in the urine of all of the 
five patients in this group studied by this method and in many patients with pituitary 
Precocity reported in the literature. Ovarian hyperemia-producing material was found in 
the urines of the three patients studied. The demonstration that a material which probably 
is luteinizing hormone is excreted by these children bears out in the human the work of 
Greep, Van Dyke and Chow?* who have shown that luteinizing hormone alone in males 
and in conjunction with follicle-stimulating hormone in females causes sex steroid 
secretion by the gonad. 

A patient with adrenogenitalism due to an adrenal neoplasm has recently been studied 
and found to excrete no gonadotrophin detectable by either of the preceding methods. 
These values are those which would be expected from the findings in the adult that 
androgen causes a decrease in luteinizing hormone excretion by adults of both sexes.’ 
Although determinations of ovarian hyperemia-producing material have not been made 
on patients with increased estrogen levels as the result of autonomous secretion by neo- 
plastic tissue, it is theoretically possible that an increased amount of this substance might 
be found, since administration of estrogen to castrate women results in an increase.™ 


SUMMARY 


Five cases of probable hypophyseal precocious puberty of constitutional origin and one 
case of hypophyseal precocious puberty associated with a hypothalamic lesion are pre- 
sented. The physiologic alterations involved are briefly discussed. 
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. SPANISH ABSTRACT 


Pubertad Precox 


Los autores describen 6 casos de pubertad precox. Cinco de los pacientes fueron considerados 
tener una precocidad constitucional, y un paciente tuvo una lesion en el hipotalamus. La excrecion 
de los esteroides sexuales en estos pacientes estuvo en relacion con el grado del desarrollo sexual. 
La excrecion de gonadatropina estuvo aumentada a los valores normalmente hallados en las personas 
adultas. La cantidad de gonadatropina fué medida por la propiedad del extracto urinario de aumentar 
el peso del utero de ratones y por el grado de hiperemia ovarico. 

Los hallazgos en estos casos de pubertad precox son distintos a los encontrados en casos de 
adrenogenitalismo o “precocidad gonadal’ en los cuales la excrecion de los esteroides sexuales 
esta marcadamente elevada, pero la excrecion de:la gonadatropina no esta aumentada. 
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STUDIES ON THE GELATIN-LIQUEFYING PROPERTIES 
OF CERTAIN BACTERIA 


With Particular Reference to the Laboratory Diagnosis of 
Cystic Fibrosis of the Pancreas 


By DouGias E. JOHNSTONE, M.D. 
Buffalo 


LTHOUGH various methods of detecting proteolytic activity of body fluids’* 
have been known for several decades, a simple method was first mentioned by 
Shwachman® in 1943. It is based on the liquefaction of the gelatin coating on gelatin 
film* and the results are obtained in 60 minutes. Shwachman has since reported’ his results 
using this test upon the stools of patients suspected of having cystic fibrosis of the pan- 
creas. It was hoped that this simple test might replace the more cumbersome and tech- 
nically exacting method of obtaining duodenal juice by intubation,* or at least serve to 
detect those cases where trypsin was totally absent. Of 50 proved cases of this disease 
studied with the gelatin film test, Shwachman found that seven cases at some time gave 
false positive tests. The question arises whether some of these “false” positive tests 
might not result from the action of gelatin-liquefying enzymes produced by certain bac- 
teria in the feces rather than from pancreatic protein-digesting enzymes. This possibility 
was considered by Shwachman who concluded that it was of no great importance as an 
interfering factor in the interpretation of the test. 

A further possibility presented itself. Could this one hour gelatin film liquefaction test 
simplify the 24 hour gelatin tube method commonly employed by bacteriologists in the 
identification of certain gelatin-liquefying organisms? The study reported herewith was 
therefore undertaken to determine (1) whether gelatin-liquefying organisms may yield 
a positive gelatin film test in the absence of pancreatic trypsin, and (2) whether the 
gelatin film technic can aid in the rapid identification of gelatin-liquefying bacteria. 


METHODS 


A modification of the Shwachman technic was employed in this study. On one face of a small strip 
of unexposed x-ray (gelatin) film (Eastman), the other face of which has previously been wetted 
and scraped clean of its gelatin coat, a small circle, approximately 11 cm. in diameter, is marked 
off with a wax pencil. Hammer panchromatic portrait photographic film, which requires no scraping, 
was used with approximately equally good results (see Fig. 1). The material to be examined 
(suspensions of feces, broth, culture, or saline suspensions of bacteria) is placed in the circle on the 
film, which is placed in a covered Petri dish. The dish is then incubated at 37°C. for 1 hr. Then 
the gelatin film is washed under a stream of cold water. The test is positive if the gelatin film which 
has been in contact with the bacterial or fecal suspension is sufficiently washed away in 10 to 15 sec. 
so that one can see clear through the gelatin film. If the test is negative, the film may appear opaque 
or even partially digested, but it is not washed away and one cannot see through it (see Fig. 1). It 
was found unnecessary to use gentle rubbing of the film to obtain clearcut results. 


From the Departments of Pediatrics and Bacteriology of the Children’s Hospital and the Depart- 
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* Gelatin film refers to the roentgenogram film used in routine practice. 
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The organisms studied were Ps, aeruginosa (B. pyocaneus), P. ammoniae, P. vulgaris, P. morgani, 
Staph. aureus hemolyticus, Esch. coli, A. fecalis and B. subtilis. Most of these strains were from 
stools, but some were isolated from throat and urine cultures. During the study, they were maintained 
on Endo agar, in infusion broth and nutrient gelatin. Sterile Seitz filtrates were prepared from broth 
cultures of some of these micro-organisms. Some normal adult and infant stools as well as stools 
from patients with fibrocystic disease were studied. 





Fic. 1. A. Hammer portrait panchromatic photographic film showing typical positive (top) and 
negative (bottom) test. B. Same Test on unexposed x-ray (gelatin) film (Eastman). 


RESULTS 

A total of 179 strains of bacteria were tested for their ability to liquefy gelatin by the 
conventional 24 hour gelatin tube method and by the one hour gelatin film technic (see 
table 1). Identical positive results were obtained with 73 strains; identical negative results 
were obtained with 105 strains; and a discrepancy was found in one instance only. 

All strains of Ps. aeruginosa (B. pyocyaneus) and P. ammoniae tested yielded positive 
results. Of 13 strains of P. morgani, three were positive and 10 negative. No strain of 
Esch. coli and only one of 66 strains of Staph. aureus hemolyticus gave a positive test 
when gelatin film tests were done with 24 hour cultures. Based on the highest dilution of 
all the strains tested for their gelatin-liquefaction, the average dilution of a 24 hour broth 
culture giving a positive gelatin film test amounts to 1:200. One strain gave a positive 
test only when examined undiluted; one gave a positive test in a dilution of 1:100,000. 

It seemed of interest to determine whether the type of culture medium and the age 
of culture influenced the gelatin-liquefying ability of organisms when studied by the 
gelatin film technic. Identical positive results were obtained when a given strain was 
grown in infusion broth, nutrient gelatin or on Endo agar. 

Whereas all strains of Ps. aeruginosa gave positive gelatin film tests when one day old 
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Endo agar cultures were used, 11 of 13 strains tested failed to give positive results when 
tests were done with three day old Endo agar cultures. However, when the latter cultures 
were transplanted to Endo agar, broth or nutrient gelatin and incubated for 24 hours, 
consistently positive gelatin film tests were observed, thus proving that the strains had not 
lost their gelatin-liquefying power. As might be expected, when a known positive strain 
was grown in nutrient gelatin for several days, gelatin film tests were consistently positive. 

In order to determine whether the enzyme of these gelatin-liquefying micro-organisms 
is liberated extracellularly, Seitz filtrates were obtained from broth cultures of Ps. aeru- 
ginosa and P. morgani. The filtrates of these organisms, which proved to be bacterio- 


TABLE 1 


GELATIN LIQUEFACTION BY VARIOUS SPECIES AS DETERMINED BY 1 Hour 
GELATIN FILM AND GELATIN TUBE METHODS 
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* Cultures of B. subtilis and Staph. aureus hemolyticus were grown on blood agar plates rather than Endo agar plates. 


logically sterile, yielded positive gelatin film tests (see table 2). The filtrates of a broth 
culture of one strain of Ps. aeruginosa in dilutions up to 1:100,000 showed gelatin- 
liquefaction on the gelatin film. Filtrates from one day old cultures proved to be more 
active than those from three day old broth cultures. 

In view of the data obtained in this study, it seems possible that the presence in feces 
of gelatin-liquefying micro-organisms in large numbers, even in the absence of pancreatic 
trypsin, may be responsible for positive gelatin film tests. In fact, the stools of four of 
the patients, whose duodenal juice had previously been shown to have no tryptic activity, 
gave positive gelatin film tests. The cultures of three of these patients’ feces revealed 
actively gelatin-liquefying strains of Ps. aeruginosa. The stool of the fourth case revealed 
a gelatin-liquefying strain of atypical P. morgani. Cultures of duodenal juice of three 
proved cases of fibrocystic disease yielded a heavy growth of Ps. aeruginosa. Of five 
gelatin film tests on the stools of a premature infant (who was later shown at postmortem 
examination to have had meconeum ileus), three tests were positive, Cultures of these 
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three specimens grew a gelatin-liquefying strain of Ps. aeruginosa. In reviewing the rec- 
ords of 25 proved cases of fibrocystic disease of the pancreas seen in this hospital in the 
past eight years, eight had positive stool and/or duodenal cultures of gelatin-liquefying 
bacteria (4: B. pyocyaneus, 2: P. ammoniae, 1: P. morgani). To further prove the point, 
1 cc. aliquots of 1:5 stool suspensions of four patients with no fecal tryptic activity (by 
gelatin film tests) were mixed with 0.1 cc. aliquots of a 24 hour broth culture of a strain 
of Ps. aeruginosa (this strain gave a positive gelatin film test in a 1:10 dilution). These 
mixtures consistently gave positive gelatin film tests, whereas the stool suspensions alone 
consistently gave negative tests. Thus, it was seen that it was possible to render a trypsin- 
free fecal specimen gelatin-liquefying. 


TABLE 2 


COMPARATIVE QUANTITATIVE DATA ON GELATIN FiLm LIQUEFACTION BY VARIOUS STRAINS 
OF BACTERIA GROWN ON VARIOUS MEDIA AND SEITz FILTRATES 








| | Highest dilution yielding positive 1 hr. gelatin 
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| Age of | film liquefaction test 

| Strai culture ‘ceeeease: 

Organism — | when | ee Seitz 

| a | filtered | Broth | Nutrient | Endo agar | _filtrates* 

| or tested | culture gelatin culture of broth 

| | culture | cultures 
Ps. aeruginosa | 879 | 24hr. | 1:100 1:100 | 1:100 | 1:10 
Ps. aeruginosa | 372 | 24hr. 1:10,000 | 1:100,000 | 1:1000 | 1:100,000 
Ps. aeruginosa | 372 | 48hr. | 1:100,000 | 1:1000 | 1:100,000 | 1:100,000 
Ps. aeruginosa | 372 | 72hr. | 1:10 | 1:1000 | 1:100 | 1:100 
Ps. aeruginosa | 275 24hr. | 1:100 | 4:100 | 12100 | 1:10 
Ps. aeruginosa 275 48 hr. 1:10 } 1:100 | Undiluted | 1:10 
Ps, aeruginosa 275 72 hr. Undiluted | 1:10 | Undiluted Undiluted 
P.morgani | 8700 | 24hr. | 1:100 | 1:1000 | 1:1000 | 1:1000 
P. morgani | 8700 | 48hr. | 1:10 1:1000 | No liquef. | 1:100 

t | 





* All filtrates proved bacteriologically sterile when planted on Endo agar, nutrient gelatin and broth 
media. 


In an effort to determine how many gelatin-liquefying bacteria must be present in the 
liquid being tested to produce a positive test, serial dilutions of 24 hour cultures of Ps. 
aeruginosa and P. ammoniae were carried out by means of the conventional poured agar 
plate technic. Simultaneously, gelatin film liquefaction tests: were run on the cultures in 
various dilutions. From 29 such dilution and colony count determinations, it was found 
that an average of 960,000 organisms (per two drops of test solution) were needed to 
give a positive gelatin film test. Some strains required as little as 80,000 organisms per 
test, while one strain required as many as 36 million bacteria per test. 

Experiments were carried out to determine whether aureomycin interferes with the 
action of the bacterial gelatin-liquefying enzyme. Aureomycin in concentrations of 1 
mg./cc. failed to inhibit the enzymatic liquefaction of gelatin film by Ps. aeruginosa 
when the mixtures (pH 5.1) were incubated up to three hours at 37° C. Higher con- 
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centrations could not be used since the pH of the mixtures of aureomycin, in concentrations 
of 10 mg./cc., and Ps. aeruginosa was 2.63. 


DISCUSSION 


The gelatin film liquefaction technic is a useful test and is of aid in the diagnosis of 
cystic fibrosis of the pancreas. The preceding data, however, in contrast to the conclusions 
of Bettoni,® show the necessity for a correlation between a positive test and the bacterial 
flora present in the feces being tested. 

A negative test on the stool of a patient suspected of having fibrocystic disease of the 
pancreas, if repeatedly negative, is suggestive of that diagnosis. A positive test on the feces 
of a suspected case should be correlated with the patient’s fecal bacterial flora, since a 
positive test may result from intestinal bacteria. It has been shown in this study that the 
addition of gelatin-liquefying bacteria to trypsin-free stools can give a false positive 
test. It may be necessary to determine to what extent fecal specimens can be diluted and 
still give positive gelatin film tests from pancreatic trypsin, and whether such dilutions 
can eliminate interference of gelatin-liquefying bacteria. That the number of bacteria 
needed to give a positive test is not excessive may be gleaned from the fact that the 
normal daily stool output may contain over 30 billion bacteria. 

During the search for stool specimens free of trypsin, references in the literature? 
were found to the effect that adults normally have no tryptic activity in their stools. 
However, when the stools of 50 apparently normal adults were tested, only one was 
found to have a consistently negative one hour gelatin film test. This discrepancy may be 
due to the different methods employed. None of these adults had diarrhea or constipation. 
However, cultures of 10 of these fecal specimens contained gelatin-liquefying bacteria. 

It is of interest that of 2727 stool cultures taken during the past nine years in this 
hospital from normal newborn infants and children with intestinal disorders, 14% 
yielded heavy growths of gelatin-liquefying bacteria (Ps, aeruginosa, P. ammoniae and 
vulgaris). In addition, 19.4% of the total contained P. morgani, of which from this 
study 23% might be expected to be gelatin-liquefying. In a study of the flora of the feces 
of normal healthy infants, Neter and Clarke’? found that P. ammoniae, morgani and 
vulgaris, as well as B. pyocyaneus were recovered in 40% of the cultures. 


SUMMARY 

The gelatin film test for the demonstration of gelatin-liquefaction of bacterial cultures 
and stool suspensions is described. This test may aid in the identification of gelatin-lique- 
fying bacteria, particularly members of the Pseudomonas and Proteus groups. 

One hundred and seventy-nine strains of bacteria were tested. Positive results were 
obtained with Ps, aeruginosa, P. ammoniae and some strains of P. morgani. Negative 
results were obtained with 24 hour cultures of Staph. aureus hemolyticus and Esch. coli. 

This test may be positive in dilutions of 24 hour broth cultures of gelatin-liquefying 
bacteria as high as 1:100,000 with an average of 1:200. The average number of such 
bacteria found necessary to give a positive gelatin film test is 960,000/2 drops of test 
solution (varying from 80,000 to 360 million). Bacteriologically sterile Seitz filtrates of 
gelatin-liquefying bacteria also gave positive gelatin film tests in high dilutions. 

A mixture of gelatin-liquefying bacteria with saline suspensions of feces gave positive 
tests. 

Stool cultures of four and duodenal cultures of three proved cases of cystic fibrosis of 
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the pancreas revealed heavy growth of gelatin-liquefying bacteria. All these specimens 
gave positive gelatin film tests. 

The presence of aureomycin in the stool (in concentrations of up to 1 mg./cc.) does 
not inactivate bacterial gelatinase. 

The fact that bacteria present in the gastrointestinal tract may give a positive gelatin 
film liquefaction test makes mandatory the re-evalution of the positive feces “x-ray” 
tests for the diagnosis of cystic fibrosis of the pancreas, To avoid false positive gelatin 
film tests, the results of the test should be correlated with the presence or absence of gelatin- 
liquefying bacteria. 
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SPANISH ABSTRACT 


Estudios de las Propiedades de Ciertas Bacterias de Liquificar 
la Gelatina, con referencia special al Diagnostico de la 
Enfermedad Cistica del Pancreas 


La prueba del “Gelatin-film” (usando una placa radiografica corriente) para demonstrar las 
propiedades de ciertos cultivos de bacterias y suspensiones fecales en liquificar la gelatina es descrita. 
Los autores reportan los resultados obtenidos con 179 variedades de bacterias usando la tecnica del 
“Gelatin-film.” Mezclas de bacterias con propiedades liquificantes con suspension salina de feces 
obtenidas de pacientes padeciendo de enfermedad cistica del pancreas dieron resultados positivos. 
Cultivos de feces o de jugo duodenal de 7 casos probados de enfermedad cistica del pancreas 
demonstraron un crecimiento marcado de bacterias con propiedades liquificantes. Estos mismos 
cultivos dieron resultado positivo usando la prueba del ‘‘Gelatin-film.” 
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AORTIC-PULMONARY COMMUNICATION DUE TO 
LOCALIZED CONGENITAL DEFECT OF THE 
AORTIC SEPTUM 


By STANLEY GIBSON, M.D., WILLIs J. Potts, M.D.., 
AND WILLIAM H. LANGEwiIscH, M.D. 
Chicago 


EKTOEN! in 1899 reported the case of an infant dying at the age of 3 days who 
was found at autopsy to have an opening between the aorta and the pulmonary 
artery just distal to the semilunar valves. In addition to his case report, he gave an excellent 
summary of those previously reported. He says, ‘Instances of direct communication 
between the aorta and the pulmonary artery, caused by congenital defect in the septum 
of the arterial trunk, are described by Elliotson, Wilks, Frantzel, Baginsky, Caesar, Girard, 
and Rickards. Rauchfuss and Gerhardt also each mention an instance. These seem to be 
all the instances reported in the literature. The defect is rare. Virchow, in discussing 
Baginsky’s case, remarked that he had not seen an example before. As far as I have been 
able to learn there is no previous instance recorded in American literature. In all these 
instances (except Rickard’s case) there is a simple communication between the aorta 
and the pulmonary artery, the opening being situated a short distance above the semi- 
lunar valves, round or triangular in outline, and 10 to 12 mm. in diameter. Other mal- 
formations are not noted, and evidences of endocarditis or angeitis are wanting altogether. 
This form of communication is consequently of congenital nature, and it is to be dis- 
tinguished from the more frequent, similarly located communications of acquired, acci- 
dental origin. It is also to be held distinct from communication between the pulmonary 
artery and the arch of the aorta through a persistent patent ductus arteriosus, which, 
when uncommonly short, may lead to a close approximation of the two vessels. The 
location of this communication would be different, namely, at the arch of the aorta.” 
Abbott? cites the cases reported by Hektoen and mentions an 11th case which was 
described by Moorhead and Smith.* A single instance each has been reported by Fisher,* 
Oberwinter,® Bain and Parkinson,* Dadds and Hoyle,’ and Perelman and Putschar.® 
This type of opening is obviously a partial defect in the aortic septum which divides 
the primitive truncus arteriosus into pulmonary artery and aorta. It is readily appreciated 
that the alteration in the circulation due to this defect is closely comparable to that which 
occurs in the case of patent ductus arteriosus. One would therefore anticipate symptoms 
and signs differing little from those in patent ductus arteriosus. The differential diagnosis 
becomes important in view of the present satisfactory surgical management of the datter 
condition. 

If one may trust the published reports, partial defect of the aortic septum is a rare 
anomaly. It seems strange that the majority of instances were reported before the turn 
of the century ; only a few have been reported in the past 50 years. 

The present authors’ experience has led them to believe that this lesion may be more 
frequent than published reports would indicate. The following are four cases in point: 


M. S., a 6 yr. old white female, had always been delicate. She began to walk at the age of 3 yr. 
She was very weak, and was able to walk only about 3 blocks. Occasional dyspnea and chest pain had 


From the Children’s Memorial Hospital, Chicago. 
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been present. When younger it was noted that crying produced a blue color to the skin, but this had 
gradually disappeared. There was Also a history of occasional slight cyanosis of the lips in the course 
of upper respiratory infections. The child attended school for handicapped children. A cardiac mur- 
mur had been discovered at an early age. 

On admission to Children’s Memorial Hospital, examination revealed a small thin child with 
no cyanosis. Antero-posterior diameter of the chest was increased. Cardiac apex was palpable in the 
3rd and 4th left ICS. at the nipple line. An extremely loud, coarse systolic murmur was present 
over the entire precordium, maximal in the 2nd and 3rd left ICS. and was felt also in the suprasternal 
notch. A femoral thud was present. Blood pressure was 76/24 mm. Hg. RBC count was 4.56 mil- 
lion and hemoglobin 12.7 gm./100 cc. 

Roentgenogram revealed a cardiac shadow that was considered slightly enlarged. Fluoroscopy 
showed enlargement of the outflow tract and pulmonary conus of the right ventricle with moderate 
enlargement of the left auricle. Lung fields appeared normally vascular. Electrocardiogram showed 
right axis deviation. ; 

Because of a clinical picture which suggested but was not characteristic of patent ductus arterio- 
sus, cardiac catheterization was advised. This was carried out by Dr. Donald A. Cassels at the Bobs 
Roberts Hospital. His findings indicated that there was no intracardiac shunt. Total blood volume 
was much increased, as is usually encountered in cases of patent ductus arteriosus. His conclusion 
was that there was a left-to-right shunt between the aorta and the pulmonary artery. 

On the basis of these findings an exploratory operation was carried out. No patent ductus was 
discoverable. Palpation of the large vessels revealed a thrill over the base of the pulmonary artery. 
The pericardium was then opened widely. The tissue between the aorta and the pulmonary artery 
was dissected out in order to expose the origin of both the aorta and the pulmonary artery. A thrill 
was palpable at 1 place only, situated over the pulmonary artery at the point where it emerged from 
the heart. A curved hemostat was slipped between the aorta and the pulmonary artery and drawn 
forward while pressure was made on the pulmonary artery anteriorly. This procedure obliterated 
the thrill. The only conclusion, therefore, seemed to be that there was a defect between the 2 vessels, 
just distal to their emergence from the heart. 

F. R., an 11 yr. old white female, was known to have had a heart murmur since birth. She had 
gained slowly in weight during infancy, but her development had been normal. There was an in- 
definite history of fainting spells in her early years, and she tired more easily than the average child. 
There was no distinct cyanosis. Occasional dull precordial pain had been noted since the age of 
9 yr. 

On admittance to the hospital, physical examination revealed a well nourished child with a good 
color. The cardiac apex was in the Sth left ICS. just outside the midclavicular line. There was a 
continuous murmur over the upper chest which seemed loudest directly over the sternum at the 
level of the 2nd and 3rd ICS. A systolic thrill was present. A femoral thud and capillary pulse 
were demonstrable. Blood pressure was 112/50 mm. Hg. 

Fluoroscopy revealed moderately vascular lung fields, an enlarged left ventricle, a slightly prominent 
and vigorously pulsating pulmonary artery, together with enlargement of the outflow tract of the 
right ventricle. ECG showed left heart strain. 

The clinical picture seemed typical of patent ductus arteriosus save for 1 finding. The continuous 
murmur instead of being maximal in the second left ICS. was best heard directly over the sternum 
at the level of the second and third ICS., that is, the murmur lay more medially and lower than the 
typical murmur of patent ductus. 


On this account the patient was referred to the Cardiovascular Department of Michael Reese © 


Hospital where both cardiac catheterization and angiocardiography were carried out. Dr. Louis N. 
Katz reported the findings as follows: 

“Angiocardiography revealed a normal filling of the pulmonary arterial tree with no evidence of 
stenosis. After the aorta had filled, there was refilling of the arterial pulmonary tree strongly suggest- 
ing the presence of a patent ductus.” 

“Oxygen content of right auricle was 13.6 volumes per cent, right ventricle 14.6, and main pul- 
monary artery 15.9. The difference in oxygen content between the right auricular and pulmonary 
artery blood is compatible with a diagnosis of patent ductus arteriosus. The systemic flow was 6 
liters per minute; pulmonary flow 13 liters per minute; approximate shunt 7 liters.” 

On the basis of these findings an exploratory operation was performed. At operation the region 
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of the ductus was exposed and only a ligamentum arteriosum remained. Palpation over the heart re- 
vealed a thrill at the base. The pericardial sac was opened and by palpation with the finger it was 
easy to localize the defect by the definite thrill transmitted to the finger when palpating over the 
origin of the pulmonary artery. 


In addition to these two cases, two other similar cases are reported in which, however, 
the study was less complete. 


F. B., a 10 yr. old white male, was said to have had a murmur at the age of 1 yr. The mother 
stated that he seemed to tire more easily than other children, but had been known to walk 3 miles 
without undue fatigue. There had never been any cyanosis. 

On admission to the hospital, physical examination revealed a well nourished, well developed 
child with a good color. Cardiac apex was in the Sth left ICS. about 34 of an inch beyond the nipple 
line. An extremely loud, harsh systolic murmur was present which was maximal in the 2nd left ICS. 
but could be heard over the entire chest. A coarse thrill was palpable. There was also a soft blowing 
diastolic murmur heard in the 2nd left ICS. beginning with the 2nd sound but not extending through 
the entire diastole. A femoral thud and capillary pulse were demonstrable. Blood pressure was 
120/20. mm. Hg. Fluoroscopic examination showed cardiac enlargement, prominence of the pulmo- 
nary conus, increased vascularity of the lung fields, and a hilar dance. 

He had been seen by a number of cardiologists and there had been differences of opinion as to 
the diagnosis. Clinically the picture seemed typical of a patent ductus except for the murmur. The 
systolic phase was very loud and harsh but neither the systolic phase nor the diastolic phase had the 
rumbling quality so characteristic of the usual ductus murmur. Exploration was advised. No patent 
ductus was found. A thrill was palpated which was localized over the proximal portion of the aorta 
and pulmonary artery. 

R. B., a 9 yr. old white male, was admitted to Children’s Memorial Hospital with a diagnosis else- 
where of patent ductus arteriosus. A heart murmur had been discovered at birth. Cyanosis had 
never been noted. Development and exercise tolerance were considered normal. 

Physical examination revealed a well developed, slender boy with good color. The cardiac apex 
was in the Sth left ICS. just outside the nipple line. A loud harsh systolic murmur was present over 
the entire precordium, maximal in the 2nd left ICS. at the sternal margin. A diastolic murmur, extend- 
ing practically through diastole, was also heard in the 2nd left ICS., but it varied from the usual 
murmur of a patent ductus in that it was soft and blowing rather than having the usual rumbling 
character. A coarse thrill was felt over the entire precordium. Blood pressure was 122/56/0 mm. Hg. 
Both a femoral and brachial thud was audible, and a capillary pulse was demonstrated. RG and 
fluoroscopy showed the heart to be about 30% enlarged, with a prominent pulmonary conus and vascu- 
lar lung fields. 

Because of the atypical murmur the family was warned that it might be impossible to relieve the 
child’s condition, but an exploratory operation was decided upon. 

Upon opening the chest the thrill was found to be maximal over the base of the heart, and 
diminished out along the pulmonary artery. The region of the ductus arteriosus was dissected free 
and a ligamentum arteriosum was found. Because of the similarity of the findings in this case to the 
previous ones, the pericardium was not opened. 


DIsCUSSION 

A review of the physical signs in the preceding cases reveals how closely they resemble 
those of patent ductus arteriosus. All had a high pulse pressure; all showed a prominence 
in the region of the pulmonary conus; all had a femoral thud. Three had a systolic and 
diastolic murmur at the base of the heart; three had vascular lung fields; three had a 
capillary pulse. As a matter of fact the one finding which aroused suspicion in all instances 
was the atypical character of the murmur. 

The findings in these four cases would seem to justify the diagnosis of an aortic 
pulmonary communication due to a defect of the aortic septum. Fortunately there is no 
postmortem evidence to offer, as all four patients made an uneventful recovery from the 
operation. Yet the evidence in the first two cases seems convincing. In the first case the 
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catheterization failed to show evidence of an intracardiac shunt, and there was a markedly 
increased pulmonary flow. Furthermore, at operation the thrill could be completely 
eliminated by pressure between the aorta and the pulmonary artery near their origin. The 
findings in the second case seem even more conclusive. Not only were the catheterization 
studies compatible with an aortic-pulmonary communication, but the angiocardiogram 
showed a second filling of the lungs coincident with the filling of the aorta. The last two 
cases, less thoroughly studied, had, however, at operation a thrill in exactly the same loca- 
tion as in the first two. 

If this diagnosis is correct, one must conclude that this has been an unusual experience, 
or that the condition is much more frequent than is indicated by postmortem reports. Only 
16 cases have appeared in the literature to date. 

The problem is important for two reasons. First of all if the diagnosis can be established 
definitely (possibly it could be done by retrograde aortography) the patient would be 
spared an exploratory operation to determine the presence or absence of a patent ductus. 
Furthermore, the defect in the aortic septum seems to be fairly constant in location in the 
reported cases, lying at a very short distance above the semilunar valves. The size has 
varied from about 0.5 cm. to 1.5 cm. in its greatest diameter. It would appear that this 
type of lesion could be surgically repaired. Attention is being given to this possibility. 


SUMMARY 


Four patients who had findings suggestive of a patent ductus arteriosus were explored. 
In none was a patent ductus found. 

Evidence is offered in support of an aortic-pulmonary communication due to a localized 
defect in the aortic septum as accounting for the clinical symptoms and signs. 
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SPANISH ABSTRACT 


Comunicacion Aortico-Pulmonar Debida a un Defecto Congenito 
Localizado del Septum Aortico 


Se reportan cuatro pacientes qu presentaban una sintomalogia sugestiva de la persistencia del 
conducto arterioso y los cuales fueron explorados quirurgicamente. En ningin caso se demonstré la 
persistencia de dicha anomalia. Los autores sugieren que los sintomas y signos de este grupo de 
pacientes son debidos a la presencia de un defecto localizado del septum aortico. 
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EFFECT OF INFUSIONS OF CITRATED PLASMA ON THE 
PLASMA CITRATE LEVEL OF INFANTS 


By R. Ames, M.D., I. SyLtmM, M.D., AND S. Rapoport, M.D., PH.D. 
Cincinnati 


HE widespread use of increasing quantities of stored blood and plasma has occa- 
sioned speculation with regard to possible untoward effects of the citrate adminis- 

tered with the blood. Experimental studies have indicated that citrate, if given in large 
amounts, may produce severe and even fatal symptoms consisting of generalized con- 
vulsions, respiratory or circulatory failure.1:? Smaller amounts of citrate, approaching 
those used in actual practice, produce symptoms in dogs with lowered calcium content of 
the serum or with liver damage associated with hyperguanidinemia.* The effects are 
counteracted by administration of calcium. It would appear then that the toxic effects 
of citrate are primarily due to decrease of ionization of the Ca with attendant tetany. 
Citrate as a rule is rapidly removed from the blood stream, primarily by the liver, but 
with participation of all other tissues as well. With hepatic dysfunction, an increase in the 
resting values of serum citrate and slower removal of injected citrate is observed.* 

Only scant reference is made in the literature to clinical cases of citrate poisoning. Only 
one case is reported in the pediatric literature.* The patient, a marantic infant, who had 
received sodium citrate by mouth, died following a transfusion with the symptoms of 
bradycardia and respiratory standstill. Experience at the Children’s Hospital in Cincinnati 
and elsewhere (personal communications) would indicate that such reactions, involving 
bradycardia, respiratory standstill, or peripheral tetany, following transfusions of citrated 
blood may occur occasionally. Small infants, who receive relatively large infusions of 
blood or plasma, debilitated adults with massive bleeding or patients with pre-existent 
hypocalcemia would appear to be most prone to suffer ill effects. The question with regard 
to the dangers of citrate has arisen with greater urgency since adoption of the technics 
of exchange transfusion which involve the use of enormous quantities of blood amount- 
ing to 2 to 3 times the blood volume of the recipient infant.® 

It appeared of interest to study the effect of infusions of citrated plasma on the plasma 
citrate level of infants. Calcium and protein determinations were performed in order 
to calculate ionized Ca, and electrocardiographic studies in the hope of detecting the 
changes in calcium ionization. 

The only study dealing with the changes of citrate in plasma appeared after conclu- 
sion of the experiments to be reported. It was concerned with the fate of citrate in eryth- 
roblastotic infants following exchange transfusions.® 


MATERIAL AND METHODS 
The subjects of these observations were infants under 10 mo. of age in the Children’s Hospital 
in Cincinnati who were scheduled to receive plasma infusions. The majority were convalescing from 
acute infections and were therefore comparatively normal. Others were chronically ill: 2 had chronic 
subdural hematomas, 2 had tuberculous meningitis and 2 had been born prematurely and weighed 
1.3 and 2.3 kg. at the time of the study. 


From the Children’s Hospital Research Foundation and the Department of Pediatrics, University 
of Cincinnati College of Medicine, Cincinnati. 
(Received for publication Dec. 14, 1949.) 
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Eleven of the infents received plasma 20 to 30 cc./kg. body weight within 3.5 to 11 min. Three 
infants received citrated plasma 0.1 to 0.2 cc./min./kg. body weight by continuous intravenous in- 
tusion over periods of from 1 to 4 hr. Three other infants were given plasma at from 0.5 cc. to 1.5 cc./ 
min./kg. body weight. Ca, total protein and citrate I-vels were measured in the plasma samples 
obtained before the transfusion. Over a 4 hr. period following the transfusions, the citric acid con- 
tent of the plasma was determined serially by the method of Krog’ with a few minor modifications. 
On 8 patients ECGs were performed using the standard 3 leads. The Q-T intervals expected for the 
observed cardiac rates were calculated according to the formula of Savilahti.* 


CHEMICAL DATA 


As a base line the plasma level of citrate was determined in 24 infants convalescing 
from a variety of diseases. An average level of 0.17 mM citrate/l. with a standatd devia- 
tion of 0.08 was found.® Patients with known liver disease were also examined. The 
citrate in their plasma varied between 0.31 and 0.46 mM/I. 

Eleven samples of pooled dried human plasma (American National Red Cross), to be 
used for the infusions, were analyzed and found to contain 22.4 + 1.3 (S.D.) mM 
citrate/1. One sample, which had been used in a patient to be referred to later, contained 
80 mM /1. 

The citric acid level of infants who received single rapid infusions was found to vary 
from 1.1 to 2.1 mM/I. in the specimens drawn within 4 to 6.5 minutes after the injec- 
tion. Two infants had higher levels. One, prematurely born and weighing only 1.3 kg., 
showed a level of 2.9 mM/l. four minutes after infusion of plasma 30 cc, The other in- 
fant had congenital syphilis with hepatitis, for which he had received treatment with 
penicillin; the level of citrate in his plasma rose to 2.6 mM/I. (see graph 1, chart 1). 

Charts of two representative experiments are shown in chart 2. It may be seen that the 
citrate had returned halfway to basal levels at the end of 45 minutes. The rate of decline 
was rapid at first and slowed greatly during the later periods of observation. In patients 
with hepatic damage the decline was retarded. Two examples showing the characteristic 
flatness of their curves are presented in chart 1. 

The plasma citrate concentrations of infants who had received plasma infusions at the 
rate of 0.1 to 0.2 cc./min./kg. body weight were much lower, and appeared to vary with 
the size of the infant, the rate of injection and the total amount infused. Peak values 
of 0.6 to 0.9 mM/I. were reached as a rule one hour after start of the infusion. Three 
infants received infusions of plasma at rapid rates varying from 0.5 to 1.5 cc./min./kg. 
body weight. Data on two of these are presented in two graphs of chart 3. It may be 
seen that the citrate level rose steeply with increasing rates of infusion to return rapidly 
after discontinuance of the injection. 

The initial concentration of calcium ions was estimated from the values for total Ca 
and protein by the use of the nomogram of McLean and Hastings.® The values at the 
point of the highest citrate concentration were calculated on the basis of equations 9-11 
(McLean and Hastings®), on the assumption of unchanged total calcium and protein 


values. * 


* Calculation of [Ca**] in Presence of Citrate and Protein, Based on equations 9-11 of McLean 
and Hastings.* 


1) {Ca} = [Ce-Cir} 
[{Cit=] 


8.22 


(Footnote continued on next page) 
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Table 1 presents the calculated data. The change in the calcium ion concentration fol- 
lowing infusion of the citrate appears impressive. However, it should be stressed that the 
assumption of unchanged levels of Ca and protein, particularly the former, is of doubt- 
ful validity. The data of Wexler et al.* would indicate that an increase of citrate may 
elicit an elevated plasma calcium value. It is also known that high citrate levels in the 
plasma of rabbits go hand in hand with a high plasma Ca. 


(Continuation of footnote) 


10~*** (Molar basis) 
0.6 (Millimolar basis) 


la) pK! 


i Al 


2) [Catt] = [Ca Prot] 
—— x 107” 
[Prot=} 





2a) pK?'°t = 10°? (Molar basis) 
= 6.0 (Millimolar basis) 


3) {Total Ca} = [Ca**} + [Ca Cit"} + [Ca Prot] 
Therefore 


ib) [Tot Cit} = [Cit=} + [Ca Cit] 
ic) $Ca"*] = O86 fCa Cit] 
{Tot Cit} — [Ca Cit} 





1d 


i 


{Ca**} [Tot Cit} — [Ca**} [Ca Cit] = 0.6 [Ca Cit™]} 


le 


~~ 


[Ca**} [Tot Cit] = [Ca Cit-] ({Ca**] + 0.6) 
1f) [Ca Cit-] = [Ca**} [Tot Cit] 
5 a a 





by analogous steps 
{Ca Prot] = [Ca**} [Tot Prot] 


[Ca**} + 6 


2b 


~~ 





Therefore 
3a) [Tot Ca} = [Ca**} + [Cit=]- [Tot Cit} [Ca**] [Tot Prot] 








a 
[Ca**] + 0.6 [Ca**] + 6.0 
This is a cubic equation which in expanded form reads: 


3b) [Tot Ca] (6+[Ca**}]) (0.6+[Ca**]) = [Ca**}] (64+[Ca**]) (06+[Ca**]) +[Tot Cit] 
({Ga**}]+6) +[Tot Prot} ([Ca*t] +0.6) 

3c) {Ca**]}® +6.6[Ca**]}? +3.6[Ca**t] — [Tot Ca] ([Ca**]?+6.6[Ca**} +3.6) + [Tot Cit] 
({Ca**] +6) +{[Tot Prot} ({Ca*t}] +0.6) =0 


By dropping the cubic term the equation is reduced to a simple quadratic equation which can be 
solved to give a provisional value for [Ca**]. This value is applied in equation 3a. The right hand 
form may exceed the value for total Ca, because of neglect of the cubic term. A second corrected 
value lower by 0.01—>0.03 is tried for Ca**, until the sum of the right hand terms approximates the 
left hand value. As a rule of thumb the provisional value for [Ca**] is reduced 0.01 for each 0.02 
discrepancy between the 2 sides of the equation. 


~ 








~~ 
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TABLE 1 


EFFECT OF INFUSION OF CITRATED PLASMA ON PLtasMA CALciuM DISTRIBUTION 

















Before Infusion During Infusion 
E p Plasma Ca partition at peak 
Patent «Wh. infeed | Teal tal (Ct Tt ee tele level 
Ca Protein | Citrate — 
(Ca++) Ca Prot. Ca Cit. 
kg. cc. | mM/I. gm.% mM/1. mM/l. mM/l. mM/I. mM/I. 
V.M. 4.0 110 2.50 5.6 | 2.64 0.59 0.61 1.31 
J.G. 3.0 6. |. 2.0 6.4 1.25 I 0.95 1.07 0.69 
ee 3.6 6S. | te 7.2 1.23 1.57 0.84 1.07 0.91 
T.W. 232 | 62365 6.1 1.24 1.74 0.86 0.76 1.02 
E.M. 4.5 100 2.85 6.2 1.38 1.90 0.83 0.92 1.10 
W.F. : 7.0 262* 2.92 6.9 1.35 2.24 0.81 0.82 1.29 
5x. y 140* 2.60 6.5 1.22 0.93 LC. 0.3. 62 
C.M. 8.8 376* 2.65 Le 1.31 2.00 0.76 0.79 1.11 








* Continuous infusion at 0.5-1.5 cc./min./kg. body wt. 


ELECTROCARDIOGRAPHIC STUDIES 


In an attempt to gain objective physiologic evidence of the effect of citrate on the 
patients, ECGs were taken at close intervals during and after the rapid infusion of plasma. 
The relevant data are presented in table 2. It may be seen that in all instances a notice- 
able prolongation of the Q-T interval occurred, either compared with normal standards, 
or relative to the initial value of the infants such as one would expect with a lowered 
calcium ion concentration. However, there is a lack of parallelism between citrate level 
and prolongation of Q-T interval. Also, the impression is gained that the Q-T interval 
tended to return to normal despite the persistence of elevated citrate levels. This circum- 
stance may perhaps be taken as additional evidence for the existence of factors counter- 
acting the decrease of ionized Ca in the plasma. 


CLINICAL OBSERVATIONS 


During the injections several infants became irritable and their skins appeared cold 
and mottled. Application of blankets did not restore warmth. One infant suffered a 
severe reaction during the transfusion. This patient was a 6 week old premature male 
infant who weighed 2.3 kg. In the first week of life he was thought to have some pul- 
monary atelectasis and pneumonitis. Later he contracted a mild diarrhea, from which 
he was recovering. During the injection of the first 20 cc. of plasma the baby cried and 
struggled a little. His skin color was normal, the respirations regular. During the injection 
of the next 10 cc. of plasma he stopped crying, the respirations became irregular and his 
facies anxious. His inspirations became jerky and the air exchange poor. Another 10 cc. 
of plasma was given very slowly. The infant turned cyanotic and after several vigorous 
inspiratory movements he ceased to breathe. His body was rigid and held in an opistho- 
tonic position. His fists were clenched and his toes were flexed. All four limbs were 
extended. The abdomen was distended and the chest expanded. The pulse was weak and 
irregular. Artificial respiration was started and oxygen was administered. After a period 
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TABLE 2 
EFFECT OF CITRATE ON Q-T INTERVAL OF ECG 
. : ‘Time after Cycle Calculated Actual Citrate 
Patient Wt. start of leneth QT Q-T “ane 
injection 6 bs 
kg. min. sec. sec. sec. mM/I. 
V.M. 4.0 0 0.60 0.32 0.32 0.45 
12 0.40 0.25 0.28 1.82 
19 0.40 0.25 0.28 1.56 
34 0.52 0.29 0.32 1.40 
J.G. 3.0 0 0.40 0.25 0.22 0.09 
12 0.36 0.23 0.22 0.74 
22 0.32 0.21 0.23 0.76 
33 0.40 0.25 0.24 0.64 
j.c. 3.6 0 0.36 0.23 0.23 0.08 
18 0.34 0.22 0.24 0.80 
27 0.44 0.26 0.28 1.10 
T.W. oe 0 0.40 0.25 0.24 —— 
15 0.34 0.22 0.24 i 
22 0.40 0.25 0.28 0.98 
33 0.44 0.26 0.29 0.80 
E.M. 4.5 0 0.54 0.30 0.30 0.25 
14 0.40 0.25 0.28 1.50 
22 0.48 0.27 0.28 0.90 
36 0.48 0.27 0.28 0.70 
W.F. 7.0 0 0.52 0.29 0.28 0.30 
10 0.40 0.25 0.26 0.60 
25 0.40 0.25 0.28 1.44 
43 0.40 0.25 0.28 2.04 
55 0.48 0.27 0.28 1.74 
77 0.56 0.31 0.32 1.14 
eS. os 0 0.52 0.29 0.28 0.16 
10 0.46 0.27 0.28 0.58 
34 0.52 0.29 0.32 0.90 
44 0.60 0.32 0.32 0.82 
C.M. 8.8 0 0.38 0.24 0.23 0.34 
9 0.38 0.24 0.26 0.74 
24 0.38 0.24 0.24 0.94 
40 0.36 0.23 0.24. 1.80 
52 0.36 0.23 0.24 1.75 
69 0.36 0.23 0.24 1.00 





of apnea of two minutes bloody frothy sputum welled up from the nose and mouth. 
After six or seven minutes he began to breathe spasmodically. The respirations and color 
gradually improved but the pallor remained and the skin was cold and mottled. His heart 
and lungs revealed no abnormalities to physical examination after 10 minutes. His face 
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had become edematous and remained so for about one hour. In two hours the baby 
appeared to be in fine condition. — 

The plasma level of citric acid was 1.74 mM/I. determined 6.5 minutes after comple- 
tion of the transfusion. He had received 17 cc. of plasma/kg. body weight in 14 minutes. 
The plasma used for the transfusion did not appear unusual; there was no sediment; a 
portion from the same bottle had been used for other infants without apparent reaction, 
Its citric acid content was 22.5mM/l. ° 

It is of interest to refer to another patient not studied during life, who had died shortly 
after the infusion of citrated plasma. The patient, a poorly nourished infant 6 months of 
age and weighing 3.6 kg., was suffering from a severe respiratory infection complicated 
by a diarrhea which necessitated a continuous intravenous clysis for two days. After 
successful rehydration of the patient a transfusion of plasma 80 cc. was given slowly over a 
period of three hours. The patient was found dead in bed. The necropsy indicated only 
a dilated heart in a poorly nourished infant. A blood sample had been obtained immedi- 
ately post mortem. It showed a level of 2.8 mM/I. citrate in the plasma, the second 
highest observed. It turned out from an analysis of the plasma which the patient had 
received that its citric acid content was 80 mM/I., more than three times that prescribed 
for blood storage. 

DIsCUSSION 


The levels of plasma citrate observed in these studies are similar, but on the whole 
lower than those observed by Wexler et al.° in newborn erythroblastotic infants following 
exchange transfusions. The elevations are of impressive magnitude, 10 to 30-fold 
the preinfusion level. The calculated decreases in calcium ion concentration are also 
great. It appears surprising that tetanic reactions are not observed almost invariably in 
small infants following transfusions. The fact that they do occur can hardly be doubted. 

The two reactions related in this paper, one fatal and one nearly so, are almost cer- 
tainly instances of acute lowering of calcium ion concentration. The absence of reactions 
in the majority of patients leads one to assume the existence of defensive forces, capable 
of counteracting the calcium-ion-lowering effect of citrate. The mild and transient nature 
of the changes in the ECGs would support such a hypothesis, as do the data of Wexler 
et al. on: one infant,® in whom calcium levels were determined during an exchange trans- 
fusion and were found to rise greatly (see also Hastings, unpublished studies as cited 
by Shohl?°). It may be that debilitated and small infants are more susceptible to the 
effects of citrate because of their inability to mobilize Ca quickly to maintain their 
ionized calcium level. 

The present data do not permit the setting of standards of safety with regard to rate 
or quantity of infusion, nor do they establish a critical level of citrate in the plasma of the 
recipient. From the disappearance curve of citrate one would assume that most reactions 
would occur early, at the peak of the plasma citrate level of the recipient, but the pos- 
sibility of accumulation of citrate at rapid rates of infusion cannot be overlooked. The 
finding of an extremely high citrate content in the sample of dried human plasma, far 
beyond the levels recommended for blood preservation, serves as warning of another 
source of danger. In this connection, the practice of some blood banks of supplying 
pediatric patients with incomplete collections of blood, i.e., those containing less than 
one unit of blood in a bottle containing the full complement of citrate, would appear to 
carry unnecessary and easily avoidable risk. 
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SUMMARY 


The effect of infusions of citrated plasma given at varying rates on the plasma citrate 
level of infants has been studied. The plasma citrate as a rule rose from 0.17 to 2.0 
mM_/1. after single infusions to fall rapidly at first and more slowly later. In two instances 
levels of 2.6 and 2.8 mM/1. were observed. Considerable decreases in the calcium ion 
concentration, assuming unchanged total calcium values, were calculated. ECGs indicated 
some lengthening of the duration of the Q-T iriterval, compatible with a decrease in the 
calcium ion concentration, but to a degree less than expected. 

One infant suffered a nearly fatal reaction, considered to be tetanic in nature. The 
examination of the citrate in the plasma of an infant dead after infusion of plasma showed 
a high citrate level of 2.8 mM/l. It is assumed that normally physiologic forces are opera- 
tive to counteract the calcium-ion-lowering effect of citrate. 
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SPANISH ABSTRACT 


Los Efectos de la Infusion de Plasma Citratado en la 
Concentracion del Citrato en el Plasma 


Los efectos de infusiones de plasma citratado administrado a velocidades variables sobre la con- 
centracion del citrato en el plasma fueron estudiados por los autores. La concentracion de citrato del 
plasma aumenté de 0.17 a 2.0 mM/1 después de una sola infusion de plasma citratado, para 
descender rapidamente al principio y mas lentamente después. En dos ca$os la concentracion del 
citrato en el plasma fue de 2.6 a 2.8 mM/1. EEGs demostraron un aumento en la duracion del 
intervalo Q-T, compatible con una disminucién de la concentracion ionica de calcio, aunque menos 
marcada de lo que fué esperada. 

Se asume que normalmente fuerzas fisiologicas entran en operacion para oponerse a esta 
disminucion del calcio causada por la administracion de citrato. 


Elland and Bethesda Avenues 
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HYDRANENCEPHALY: CLINICAL DIAGNOSIS 


Presentation of Seven Cases 


By WaLLace B. HaMsy, M.D., RuTH F. Krauss, M.D., 
AND WILLIAM F. Beswick, M.D. 
Buffalo 


URING the past two years the authors have identified in living infants seven 
D examples of a cerebral anomaly which presents some of the clinical characteristics 
of hydrocephalus but which consists essentially of serious maldevelopment, or even 
complete absence, of the cerebral hemispheres, with intact meninges and cranium. 


THE ANOMALY 


The anomaly consists primarily of absence of the cerebral hemispheres within intact 
meninges and skull, the resulting cavity being filled’ with cerebrospinal fluid. The fluid 
circulation may be normal or the outlets of the ventricles may be closed ; “hydrocephalus” 
results in either case. At operation or autopsy the most striking feature noted is absence 
of the cerebrum, although a few islands or bands of it may persist. The pia-arachnoid 
usually is intact, although in some cases’ it also may have broken down. In the authors’ 
surgical cases the transparent membrane was intact and the attenuated major branches 
of the middle cerebral artery were pulsating vigorously. As the fluid is aspirated, two 
egg-shaped, white, glistening bodies representing the basal ganglia are seen on the floor 
of the skull. Different specimens reveal variable amounts of residual cerebral tissue in 
the periphery of the tremendously expanded and freely communicating lateral ventricles. 
The anatomic description of these residual masses of nervous tissue as investigated in 
autopsy specimens (Cases 1, 3, 6 and 7) will be presented elsewhere. 

Etiology and Terminology: The cause of the condition remains controversial, but since 
the meninges and cranium are intact, it must be assumed that the anlage of the neo- 
pallium was present during the period of formation of these layers. Cruveilhier? described 
the anomaly as hydrocephalic anencephaly (‘‘l’anencéphalie hydrocéphalique”) and con- 
trasted it with anencephaly associated with absence of the cranial vault. He concluded that 
“in the one and the other case, the absence of the cerebrum should be produced by the same 
cause. .. .”’ Spielmeyer® described “‘a set of hydranencephalic twins” and concluded that 
the anomaly has its origin in a vascular disturbance. On the surviving cortex, especially 
of the cerebellum, he found the vessels to be thin and dilated with a distinct tendency 
to confluence, forming cavernous spaces. The circulatory disturbance resulting from these 
changes was considered to be entirely different from vascular occlusions secondary to 
arteritis, thrombosis, embolism or encephalitis. In Cases 5, 6 and 7 the present investi- 
gators found at operation that the anterior and middle cerebral arteries were functioning 
efficiently, although understandably smaller than normal, since their areas of supply were 
practically abolished. Marburg and Casamajor* believed the condition to be due to venous 
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stasis and thrombosis, especially of the deep cerebral veins. Cohn and Neumann! believed 
the condition to be a form of bilateral porencephaly, perhaps on the basis of vascular 
insufficiency. Yakovlev and Wadsworth® traced an anatomic continuum between these 
extreme cases with hydrocephalus and less severe states of congenital clefts in the cerebral 
mantle and designated the condition “‘schizencephaly.” According to their classification, 
the cases presented here are all of the group designated “congenital clefts with lips 
separated and hydrocephalus.” This etiology of developmental malformation would seem 
to be at present the most logical of the mechanisms suggested. In Case 7, the cerebellum 
as well as the cerebrum shared the developmental fault, suggesting the possibility of an 
arrest in development at an even more elemental level, involving the alar plates of both 
telencephalon and rhombencephalon. 

Spielmeyer* wrote of “rare brain defects which Cruveilhier has described under the 
name of ‘Hydranencéphalie,’’’ giving as reference Cruveilhier’s “Anatomie Pathologique 
du Corps Humain” of 1829-1839. In this publication Cruveilhier? described the anomaly 
and illustrated it with a beautiful colored plate that could hardly be improved upon to 
demonstrate the surgical findings in these cases. No actual use could be found of the term 
“hydranencéphalie’” by Cruveilhier either in his text or in his index. Bettinger® said that 
Cruveilhier had introduced the term in his Traité d’ Anatomie Pathologique Générale 
over 100 years ago. In this work (1862) Cruveilhier? mentioned ‘“Hydro-anencéphalie 
chez un foetus microcéphale’’ and again described the specimen mentioned earlier. As far 
as can be determined, Spielmeyer® was the first to consolidate the term into a single word. 

Although the authors are impressed with the etiology postulated by Yakovlev and 
Wadsworth,® the purely descriptive term “‘hydranencephaly” seems preferable to that of 
“schizencephaly,” which is based upon an as yet hypothetic etiology. 


REPORT OF CASES 


Case 1: S. M., a 7 wk. old white girl, was admitted to the Children’s Hospital because of enlarge- 
ment of the head apparent since the age of 3 wk. The patient was the only child and the family his- 
tory, pregnancy and delivery were not remarkable. 

A maternal roentgenogram made 4 days before birth of the child showed slight enlargement of 
the fetal head. At birth the cranial sutures were more widely separated than normal. Since birth the 
baby had been restless and irritable and had cried most of the time. A skull roentgenogram made when 
the patient was 1 mo. old revealed unusually wide anterior and posterior fontanels. 

Physical examination revealed a well nourished, extremely irritable baby with obvious cranial 
enlargement. Head circumference was 44.5 cm.; the anterior fontanel measured 15 x 17.8 cm. and 
was bulging; all sutures were separated; a tympanitic note was obtained on percussion of the skull. 
The eyes showed bilateral external strabismus and random incoordinated movements. The pupils were 
round and regular. The infant moved all extremities and no abnormal reflexes were obtained. Occa- 
sional tremors of the extremities were noted. 

Bilateral subdural punctures done at the lateral angles of the anterior fontanel yielded large 
amounts of clear colorless fluid containing a few red blood cells and a normal total protein con- 
tent. 

A ventriculogram, interchanging 360 cc. of fluid and air, showed a surprising picture that the 
authors have subsequently recognized as the typical ventriculographic appearance of hydranencephaly. 

EEG done when the infant was 2 mo. old showed no evidence of electric activity. 

A right frontal craniotomy was performed. Opening the dura revealed a tremendous cavity filled 
with opalescent yellow fluid. (The xanthochromia was related to previous punctures.) When the 
fluid was removed by aspiration the remaining brain structures were identified on the floor of the 
cranial cavity: basal ganglia, olfactory bulbs, hippocampi, a posterio-inferior remnant of the temporal 
lobes, a small amount of the occipital lobes and the choroid plexus of the lateral ventricles floating 
loose in the fluid. 
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The patient’s postoperative course was uneventful and she was discharged 26 days after admis- 
sion. The child remained listless and apathetic but hyperirritable. She ate well until the last 2 mo. 
of life, when she refused food, failed rapidly and died of marasmus. She was 26 mo. old at the 
time of death; at that time her weight was 7.8 kg. and the circumference of the head was 58.4 cm. 

Case 2: R. S., a 4 mo, old white boy, was admitted because of enlargement of the head, rolling 
eye movements and evidence of poor vision since the age of 2 mo. The patient was the 3rd child 
and the family history, pregnancy and delivery were not remarkable. At birth the circumference of 
the head was 35 cm. and the chest 36.7 cm. Since birth the child had a constantly running nose and 
cough and daily choking spells especially during feedings. Coincident with the cranial enlargement 
he became increasingly irritable and had spasmodic stiffening movements of the extremities with 
hyperextension of the neck. 

Physical examination showed a well developed, irritable infant with an enlarged head. Head cir- 
cumference was 45.7 cm.; the anterior fontanel measured 5 x 5 cm. and was bulging; the sutures 
were separated and the scalp veins distended. The pupils were regular and equal and reacted to 
light but the eyes did not follow light. The eyes usually were directed downward or to the right and 
displayed spontaneous incoordinated movements. The extremities were held in rigid flexion and 
demonstrated hyper-reflexia and bilateral patellar and ankle clonus. The Moro reflex was question- 
ably present. 

Bilateral subdural punctures done at the lateral angles of the anterior fontanel yielded clear color- 
less fluid with no cells and a normal total protein content. 

A ventriculogram, interchanging 300 cc. of fluid and air, showed the typical radiographic appear- 
ance of hydranencephaly. Neutral phenolsulfonphthalein injected into this cavity was not recovered 
from the lumbar subarachnoid space 20 hr. later but was excreted in the urine. 

EEG showed no evidence of electric activity. 

The patient was discharged 1 mo. after admission. Examination of the child at the age of 15 mo. 
revealed irritability, blindness, deafness and inability even to hold up his head. The child died at 
home at the age of 16 mo.; autopsy was not permitted. 

Case 3: S. A., a 7 wk. old white girl, was admitted. This child was born out-of-wedlock after 
8 mo. of gestation, weighing 2.2 kg. She was cyanotic at birth, was giveneoxygen and injection of 
coramine®) and did well thereafter. The baby was adopted at the age of 1 wk. after examination» 
by a competent pediatrician showed her to be a “normal infant.” 

When 2 wk. old, the child became irritable and when crying would arch the back and clench the 
fists. Occasionally she vomited. The head was noticed to be enlarged when the child was 6 wk. old 
and the anterior fontanel appeared dark and swollen. On 1 occasion the foster mother thought the 
head was transilluminated by the light from a nearby floor lamp. 

Physical examination revealed a small crying infant with obvious enlargement of the head; the 
circumference of the head was 40.6 cm. and the chest 27.9 cm. The anterior fontanel was large and 
bulging and the overlying skin was darkened; the sutures were separated and the scalp veins promi- 
nent. Good diffusion of light was demonstrable on transillumination of the head. 

The pupils were regular and equal and reacted to light but the eyes did not follow light or ob- 
jects. Funduscopic examination showed bilateral, primary optic atrophy particularly affecting the 
temporal halves of the nerve heads and a diffuse low-grade, degenerative chorioretinitis, most marked 
in the macular areas. There was no reaction to loud noises but light touch brought out a brisk 
“startle” reaction. The arms and legs were moved in a jerking fashion and the deep tendon reflexes 
were hyperactive. Moro reflex was absent. 

EEG showed no evidence of electric activity. 

Bilateral subdural punctures done at the lateral angles of the anterior fontanel yielded clear color- 
less fluid with slightly elevated total protein content (68 mg./100 cc.). Indigo carmine solution in- 
jected into this space was not recovered from the lumbar subarachnoid space. 

A ventriculogram, interchanging 80 cc. of fluid and air, revealed a large cranial cavity with an 
air-fluid level and no evidence of a normal ventricular system. Bilateral subdural drainage was in- 
stituted through temporoparietal trephines and xanthochromic fluid drained copiously for 2 days. 
Five days later a right parietal craniotomy was done. Clear, slightly xanthochromic fluid was removed 
by aspiration and a tremendous cavity was exposed. It was bounded medially by the intact falx 
cerebri covered by a thin membrane. No neopallium was identified on the right side. The membrane 
running downward beneath and perpendicular to the falx was opened and the same absence of 
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neopallium was seen on the left side. The basilar structures consisted of large, bulbous basal ganglia 
and a mass of choroid plexus was identified on the right side. 

Postoperatively, transillumination of the head with a strong beam of light showed good diffusion, 
even through the pupils, and succussion of the head produced a splashing sound. 

The infant developed an intracranial empyema and died on the 46th hospital day at the age of 
3 mo. Autopsy revealed the findings typical of hydranencephaly with hydrocephalus. 

Case 4: S. F., a 10 mo. old white girl, was admitted because of enlargement of the head apparent 
since the age of 3 mo. 

The patient was the mother’s 5th child, the pregnancy and delivery having been normal. She had 
a 10 yr. old half-sibling (common mother) who was in a state institution for mentally defective 
children, with the diagnosis of cerebral palsy and idiocy due to birth injury. From the institution it 
was learned that this child had microcephaly and the head did not transilluminate. 

The parents considered the patient retarded as she was unable to hold up her head, to sit alone, 
show any signs of visual recognition or respond to noises. The child had nonprojectile emesis of 
several feedings daily. During the month preceding admission the patient had daily convulsive seiz- 
ures manifested by screaming, rclling of the eyes and twitching movements of the extremities. 

Physical examination revealed a well nourished, crying infant with an enlarged head. Head cir- 
cumference was 53.3 cm. as compared to the chest circumference of 42.3 cm.; the anterior fontanel 
measured 8.8 x 8.8 cm., and was bulging. The posterior fontanel was patent and a tympanitic note 
was obtained on percussion of the skull. The eyes usually were directed downward and showed ran- 
dom coordinated and incoordinated movements. The pupils were regular and equal and reacted to 
light. Funduscopic examination showed no abnormality. The child did not follow light with her 
eyes, hold up her head, roll over or sit up. The Moro reflex was absent and the grasp reflex present. 
She moved all extremities and these showed hypertonia, hyper-reflexia and ankle clonus bilaterally. 
She responded to painful stimuli. 

A left subdural puncture yielded clear colorless fluid. Neutral phenolsulfonphthalein solution was 
injected into this fluid and was recovered from the lumbar subarachnoid space-within 1 hr. It also 
was excreted in the urine. 

A ventriculogram, mterchanging 550 cc. of fluid and air, showed the radiographic appzarance 
typical of hydranencephaly. On the following day succussion of the head produced a splashing 
noise and transillumination of the head with a strong beam of light outlined the large intracranial 
cavity with its fluid level. 

No operation was done and the child was discharged 7 days after admission. She died at home 
shortly thereafter at the age of 12 mo.; autopsy was not permitted. 

Case 5: C. L., a 5 wk. old white boy, was admitted because of rapid enlargement of the head. 
The patient was the first child of the existing marriage and both parents had well children born 
in previous marriages. The pregnancy and delivery were uneventful. In the hospital, after delivery, 
a note was made in the record of “muscle spasms” but no other abnormality was observed. Coincident 
with the enlargement of the head at the age of 2 wk., this baby became increasingly restless and 
irritable and had twitching movements of the face and nose. 

Physical examination revealed a well developed, acutely ill infant with an enlarged head, mottled 
skin and Cheyne-Stokes respirations. The head measured 45.7 cm. in circumference; the anterior 
fontanel measured 10 x 15 cm. and was tense; the sutures were widely separated and the scalp veins 
were distended. A tympanitic note was obtained on percussion of the skull. The pupils were regular 
and equal and reacted to light. The eyes showed lateral and rotary nystagmus and both coordinated 
and incoordinated movements but did not follow light. The optic discs were pale: The infant moved 
all extremities and withdrew them from painful stimuli; tendon reflexes were hyperactive. Occasional 
twitching of the right arm was observed. 

Bilateral subdural punctures yielded clear colorless fluid with an initial pressure of 400 mm. of 
water. It ‘was established manometrically that the subdural spaces of both sides were in communica- 
tion. The fluid contained no cells and the total protein content was elevated (95 mg./100 cc.). After 
reduction of intracranial pressure by the withdrawal of 30 cc. of fluid, the infant’s general condition 
immediately improved. 

The electroencephalographic tracing showed no evidence of electric activity. 

Transillumination of the head showed good diffusion of light and well outlined vascular markings 
in the scalp. 
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The cranial cavity was explored through a right frontoparietal craniotomy. Immediately beneath 
the dura a veil-like membrane was seen and when this was opened an enormous fluid-filled cavity 
was entered. Removal of the fluid revealed a typical hydranencephalic cavity. The following struc- 
tures were easily identified: basal ganglia, hippocampal gyri, the open third ventricle with overhang- 
ing choroid plexuses and the superior end of the aqueduct of Sylvius. The membrane lining the dura 
was opened and reflected exposing pale grey optic nerves, the third cranial nerves, small but pulsating 
middle and anterior cerebral arteries, mesencephalon, the superior surface of the cerebellum and a 
crescentic remnant of occipital cortex. 

The infant eventually became dehydrated and died on the fifth postoperative day at the age of 
6 wk. Autopsy was not permitted. 

Case 6: S. J., a 5 mo. old white girl, was admitted. The patient was the first and only child and 
the family history, pregnancy and delivery were uneventful. Since birth the infant had been a “slow 
feeder’ due to sucking difficulty. The parents became concerned about her development when she 





Fic. 1. Case 6. Appearance of S. J. on admission to hospital. 


failed to hold up her head, follow and grasp objects and attempt to sit up. At 3 mo. the head was 
noticed to be enlarged. At 4 mo. rhythmic, spasmodic movements of the extremities occurred several 
times daily. These usually were ‘of extensor-type in the lower extremities and flexor-type in the upper 
extremities. 

Physical examination revealed a well developed, irritable infant with moderate enlargement of the 
head (Fig. 1). The circumference of the head was 44.5 cm. and the chest 41.3 cm.; the anterior 
fontanel measured 2.5 x 3.8 cm. and was tense; a tympanitic note was heard on percussion of the 
skull. The pupils were regular and equal and reacted to light. At times the baby seemed to follow 
light with its eyes but did not follow objects. The eyes usually were directed to the right and down- 
ward and intermittent horizontal nystagmus and bilateral internal strabismus were noted. These 
alternated with quick coordinated and many incoordinated movements. The optic discs were pale. The 
child objected to loud noises and painful stimuli. Sucking movements occurred on tactile stimulation 
of the lips and mouth. The infant could not hold up her head, sit up, roll over or grasp objects, but 
when placed on the belly demonstrated swimming movements of the lower extremities. She moved 
all extremities, including the distal segments and had occasional intermittent rigidity of the extremi- 
ties accompanied by arching of the back. All deep tendon reflexes were hyperactive and no ankle 
clonus was obtained. The Moro reflex was present. Psychologic examination revealed that the child 
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had not reached the 2 wk. level of development. The blood count, blood chemistry and bone age 
were normal. 

Transillumination of the head (Fig. 2) showed good diffusion of light except superiorly in the 
frontoparietal region where a cap-like shadow approximately 10 x 15 cm. in diameter was observed. 
The vascular markings of the scalp were prominent. When the eyelids were lifted (Fig. 3), light 
transilluminated from the occiput shone through the pupils as through small red flashlights. 

EEG disclosed electric activity only from that region of the scalp which presented the shadow 
on transillumination and not from any of the areas where light was clearly diffused. 





Fic. 2A and B. Case 6. Transillumination of head showing frontoparietal cap-like 
shadow outlining residual brain tissue. 


Subdural punctures and ventriculography were not done on this patient before surgical explora- 
tion as the particular interest was electroencephalographic study. 

A right parietal exploratory craniotomy was done. Immediately beneath the dura the veil-like 
pia-ependymal membrane enclosed a large cavity containing 600 cc. of clear colorless fluid. After 
removal of the fluid a typical hydranencephalic cavity was visualized (Fig. 4). In this case a greater 
amount of cerebral tissue was present than was seen in any of the other cases. The hippocampal gyri 
and inferior surface of the temporal lobes extended backward to fairly normal looking occipital 
tissue. It swept upward along the surface of the tentorium and then the falx cerebri to fuse with 
the cortical vertex mass which had been suggested by transiliumination and electroencephalography. 
Other structures identified were basal ganglia, thalami, optic nerves, middle cerebral arteries and the 
loosely hanging choroid plexus of the lateral ventricles. Copper wire electrodes were inserted into 
the various areas of the brain so that electric activity could be recorded continuously. The electrodes 
were removed later by traction. During surgery and under intravenous sodium pentothal anesthesia, 
intermittent, spontaneous jerking movements of the extremities occurred without direct stimulation 
of nervous tissue. 

During the 12 hr. immediately after operation, the child had a stormy course with fluctuations 
of temperature from 34.5° to 40° C. Three weeks after operation, bilateral subdural and ventricular 
punctures yielded xanthochromic fluid. At that time the head did not transilluminate but as the 
ventricular fluid cleared diffusion of light returned. Neutral methylene blue solution injected into 
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the ventricular cavity was not recovered from the lumbar subarachnoid space or cisterna magna but 
was excreted in the urine during the following 48 hr. The baby’s physical status remained about as it 


was at the time of admission; the circumference of the head did not increase. About 2 mo. after 


operation the child developed unexplained intermittent fever and died. Autopsy was permitted. 


Case 7: F. D., a 3 wk. old boy, was admitted because of multiple congenital anomalies. The 
mother gave no history of any known exposure to radiation. A family pedigree did not reveal any 


significant incidence of congenital anomalies. 
The mother’s first pregnancy had terminated in the delivery of a stillborn female infant in 1947. 





Fic. 3. Case 6. Transillumination of head (light at occiput) showing light shining through 
undilated pupils as lids are lifted by fingers f. and f. 


An autopsy done at another hospital revealed hydranencephaly, bilateral clubfoot, extrophy of the 
bladder and absence of the kidneys. During the 1st 2 mo. of that pregnancy the mother had had 
mild nausea and emesis and for 2 wk. during the 6th month had abdominal pain. Five days after the 
delivery 2 fibroid nodules were removed from the mother’s uterus. 

The second pregnancy, which resulted in the birth of F. D., was uneventful. The infant was 
delivered at another hospital by elective cesarean section because of the previous uterine surgery. 
The obstetrician observed that the entire serosa of the uterus was most abnormal, it was not closely 
attached to the uterus but ‘surrounded the entire organ like a loose garment.” A child with multiple 
congenital anomalies was delivered and when 3 wk. old was transferred to this hospital. 

Physical examination showed a small 2.3 kg. baby with many anomalies, Temperature was 35.6° C. 
The circumference of the head was 33.6 cm. and the chest 30.5 cm. The head was symmetric, the 
anterior and posterior fontanels were closed. The sutures could not be palpated and a tympanitic 
note was heard on percussion of the skull. The external ears were low-set and lacked many of the 
normal convolutions. The palpebral fissures were small and narrow. Only with difficulty could the 
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eyelids be separated sufficiently to observe the pupils. These were regular and equal and reacted to 
light. The eyes showed many incoordinated movements and avoided the direct beam from a flashlight. 
There was no attempt to follow light or objects passed before the eyes. The retinae were pale; the 
optic discs were very small and also pale. The infant did not react to loud noises. He was able to 
suck and to take feedings from a bottle, but only in small amounts at a time. 

The child lay with the extremities flexed. He moved fingers and toes but practically no. other 
motion was observed. The muscles were hypotonic. The forearms and legs were abnormally short 
with bilateral talipes equinovarus and widely spaced toes. Roentgenograms showed bilateral humero- 





Fic. 4. Photograph made through right parietal craniotomy. Legends: a-a, basal ganglia; b-b, 
choroid plexuses; c, hippocampus; d, fornix and hippocampus; e, frontoparietal cerebral remnant, 
approximate extent outlined; f, occipital remnant; g, left temporal remnant; h, middle cerebral artery. 


radial fusion and absence of the fibulae. A sacral pilonidal dimple was present and the right testis could 
not be palpated. The Moro reflex was elicited by pulling a blanket placed beneath the infant. It was not 
possible to evaluate the tonic neck reflex as the entire body turned with the head. The grasp reflex 
was present in the fingers and toes. No deep tendon reflexes were obtainable because of the ab- 
normal position of the extremities. 

Transillumination of the head showed good diffusion of light and the vascular markings in the 
scalp were well outlined. The light was transmitted through the pupils. The electroencephalographic 
tracing showed no evidence of electric activity. 

The cranial cavity was explored through a right frontoparietal craniotomy. No temporal muscle 
was found. Aspiration of the cranial cavity through the dura yielded clear yellow fluid containing 
a few white blood cells and a total protein content of 2.9 gm./100 cc. Immediately beneath the dura 
was a glistening veil-like membrane (histologically identified as pia-ependyma) and when this was 
opened an enormous fluid-filled cavity was entered. Removal of an estimated 275 cc. of fluid revealed 
a hydranencephalic cavity with far less residual brain tissue than seen in any of the other surgical 
cases, The telencephalon was absent. The following structures were identified: remnants of hippo- 
campal tissue and thalamus, the stalk of the pituitary gland without any superior connection, tiny 
optic nerves measuring 1 mm. in diameter, pulsating anterior and middle cerebral arteries, remnants 
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of choroid plexus in the middle and posterior fossae and the posterior lobe only of the cerebellum. 
The rhinencephalon was absent. Copper wire electrodes were inserted into various areas of the brain 
so that continuous records of electric activity could be made. 

The infant's postoperative course was stormy. He was pale and lethargic, the temperature remained 
in the vicinity of 34.5° C. and gavage feedings were necessary. He died on the seventh postoperative 
day. In addition to hydranencephaly, autopsy revealed massive bronchopneumonia, marked ossifica- 
tion of the skull with absence of fontanels and partial synostosis, adhesions between the colon, 
gallbladder and duodenum, abnormal shape of the appendix and recent ulcerative glossitis, laryngitis 
and esophagitis. 

As far as can be determined this case is the first reported example of hydranencephaly occurring 
in 2 successive pregnancies. 


CLINICAL DIAGNOSIS 


In reviewing the seven cases of hydranencephaly presented here, several common 
features became apparent. The clinical pattern was closely correlated and upon perform- 
ing diagnostic procedures characteristic findings were obtained. 

1. Retardation.—At birth and for several weeks thereafter, unless enlargement of the 
head becomes noticeable, the behavior of these infants appears to differ in no respect 
from normal ones. As Bettinger® stated, the babies behave ‘‘absolutely the same as other 
babies during the first week of life’’ (Watson®). Indeed, Baby S. A., Case 3, when 1 
week of age, was examined by a competent pediatrician and judged a normal infant. 
Beyond this age, however, they fail to develop and retardation becomes apparent. In 
Case 6, a developmental level of less than two weeks was established for a child 7 months 
of age. 

2. Enlargement of the Head.—This, perhaps fortunately, usually is an early sign and 
attracts the attention of parents and physicians. In the cases reported here it was notice- 
able from the age of 2 weeks to 3 months. The rapidity or degree of enlargement bore 
no relationship to the existence of a cerebrospinal fluid block as well as could be demon- 
strated by transmission of dye from ventricles to the lumbar subarachnoid space. The head 
may not be found enlarged if other features allow a diagnosis to be made early, as in 
Case 7. 

3. Hyperirritability——This becomes apparent coincident with enlargement of the head. 
It was a constant finding in these cases and was associated variably with the Moro, the 
grasp and the “‘startle’”’ reflexes. 

4. Eye Findings.—Incoordinated movements of the eyes, strabismus and nystagmus are 
frequent. The optic discs are small and pale. Although the pupils react to light, evidence 
of true visual appreciation cannot be demonstrated. In this series some of the infants 
appeared to follow light but none followed objects passed before the eyes. 

5. Convulsive Activity—-The abnormal movements observed consist primarily of 
arching of the neck and back with or without extensor-spasms of the lower extremities 
and flexor-spasms of the upper extremities. In some cases tremors, intermittent rigidity 
and twitching movements of the face and extremities were apparent. These are believed 
to be a manifestation of true convulsive activity. 

6. Tympanitic or ‘“Cracked-pot’’ Note on Percussion of the Skull.—This finding is self- 
explanatory as the head is a fluid-filled cavity covered by cranium with separated sutures. 
In Case 7 the cranium was tympanitic even though the sutures were not visibly separated. 
It is the same characteristic sound obtained in cases of internal hydrocephalus with separa- 
tion of the sutures. 
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7. Electroencephalographic Findings.—The EEG is helpful in making a diagnosis of 
hydranencephaly. Using the standard bipolar and monopolar methods of recording, the 
usual finding is complete absence of electric activity in all leads, i.e., a diffusely flattened 
tracing as in Fig. 5. 

Case 6, which had a large isthmus of cerebral tissue in the frontoparietal area, dem- 
onstrated electric activity only from electrodes placed on the scalp over this tissue, as 
outlined by transillumination of the head. The presence of nervous tissue in this area was 
confirmed by surgical exploration and direct application of electrodes. 

8. Transillumination of the Head.—The authors believe this test to be the single and 
s:mplest, most valuable aid in diagnosis. 
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Fic. 5. Case 5. Flat EEG characteristic of hydranencephaly. 


In the description of the autopsy performed on their case, Cohn and Neumann’ noted 
that in lateral transillumination, light shone directly through the head revealing no areas 
of opacity. During the operation on Case 1, the anesthetist reported that under the opaque 
drapings that separated him from the surgical field, he could see the glow of the lighted 
retractor through the forehead and through the pupils. This observation has been repeated 
in each case explored surgically. In Case 3 (previously reported by W. F. B.), the foster 
mother thought the head transmitted light from a nearby floor lamp while the baby was 
being fed. 

These experiences were recalled during the clinical investigation of Cases 5, 6 and 7 
and the head was held in the beam of a strong light in a darkened room. A remarkable 
picture was seen in Case 6 (Fig. 2). The entire cranium glowed with an orange-red light 
like an illuminated Japanese lantern. When the beam was directed against the occiput 
and the eyelids were held open, the glow was transmitted clearly through the pupils as 
shown in figure 3. The most striking results are obtained when the pupils are dilated 
before making the test. Opacities could be seen representing the major cranial buttresses, 
the large scalp veins and the superior longitudinal sinus. In Case 6 (Fig. 2), the oval 
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vertex opacity was interpreted as a large cortical remnant and this was confirmed by 
electroencephalography and surgical exposure. ’ 

Strasburger® in 1909 showed at Bonn that by transillumination, hydrocephalus can be 
detected in children with only moderately enlarged heads, if the thickness of the remain- 
ing cerebrum does not exceed 1 cm. The work was confirmed by von Bokay’® of Buda- 
pest and recorded in publications in 1913, 1915 and 1923. Autopsy was done in three 
instances among his 18 cases but the reports do not exclude the possibility that some of 
them were cases of hydranencephaly instead of simple communicating hydrocephalus. The 
present investigators have subjected to this test several children having communicating hy- 
drocephalus with thin cerebral layers as proved by ventricular puncture and have found 
the residual brain tissue sufficiently opaque to prevent transillumination except in one case 
where the layer was 3 mm. thick. It will be interesting to see if increased use of the test 
will prove it to be less specific than the early experience indicates. 

The present authors believe that transillumination of the head is a simple clinical 
test which, when positive, offers evidence of hydranencephaly and in some cases will 
allow the amount of persistent cerebral tissue to be estimated. The value of the test is 
destroyed if the fluid is made opaque by blood, as was found after operation in Case 6, 
when the aspirated ventricular fluid proved to be deeply xanthochromic. Intracranial in- 
fectf6n, such as empyema, or the injection of dyes undoubtedly also would reduce the 
degree of transillumination. 

9. Subdural Puncture—The clinical state of some of these children is suggestive of 
the presence of subdural hematomata. In the latter case, the infants are either more 
lethargic or irritable than normal, may show convulsive activity and often have mod- 
erately enlarged heads with tense fontanels. If a subdural hematoma is present, the diag- 
nosis may be made by subdural puncture through the anterior fontanel if patent, or if 
closed, through trephine openings in the skull. If large amounts of fluid are obtained 
immediately beneath the dura, either hydranencephaly or subdural hydroma should be 
suspected. Hydrocephalus may safely be eliminated if the fluid is obtained without the 
necessity of introducing the needle far enough to traverse even a thin layer of cerebral 
tissue. 

The character of the fluid may not be helpful in differentiation. In hydranencephaly it 
may be clear and colorless, clear and xanthochromic, or frankly blood-tinged, especially 
after repeated punctures associated with bleeding. The total protein content is variable 
but only once was found strikingly elevated initially. 

It was rather characteristic of these hydranencephalic infants that after removal of 
sufficient fluid to depress the fontanel, the depression would persist for two or three 
days; the fontanel returns to its original or normal tension within hours after aspirating 
a subdural hematoma or hydroma. 

10. Ventriculography.—Ventriculograms may be helpful in diagnosis in any case where 
large collections of fluid are present within the cranium and this test was resorted to in 
4 of 7 cases. The radiographic picture is amazing if sufficient amounts of fluid are re- 
moved and replaced with air. Watson® in 1944 described and illustrated the ventriculo- 
gram done in the first of his two cases. One of the present investigators (W. F. B.) in 
1948 described" the findings in Cases 1, 2 and 3 of the present series. 

The cranium (Fig. 6) is seen to be filled with air to the very periphery of the cavity 
(i.e., to the dura) without showing the contou: of the ventricles. In the base of the skull 
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are seen shadows of the remaining supratentorial tissue masses and these vary with the 
amount of persisting nervous tissue. In the anteroposterior yiew in some of the cases evi- 
dence of midline tissue may be seen along the falx cerebri. 

In four of these cases (Cases 2, 3, 4 and 6), the dye was injected into the fluid space 
and in three of these (Cases 2, 3 and 6) was not recovered from the lumbar subarachnoid 
space. In one (Case 6), the dye also was not recovered from the cisterna magna. It has 
been assumed that in these cases the aqueduct is not patent. 





Fic. 6. Case 4. Ventriculogram typical of hydranencephaly. Air approaches inner surface of skull; 
ventricular outline not recognizable. Basal ganglia seen at x in lateral view (A) and 3. and 4, in 
A.P. (B). Falx is outlined at 1. and midline residual tissue at 2. 


DISCUSSION 


The early recognition of hydranencephaly (severe cerebral agenesis, with or without 
increased intracranial pressure) is important from the standpoint of prognosis. Whereas 
it previously was an autopsy curiosity, hydranencephaly can be recognized clinically in 
living children. It occurs often enough in pediatric practice to make its recognition 
mandatory. Its apparent infrequence probably results from the low rate of autopsy per- 
formance in retarded children; consent for autopsy in this series could not be obtained in 
the cases of three of the seven patients who have died. Hydranencephaly is not incom- 
patible with life. One of these patients (Case 1) lived for 26 months and Edinger and 
Fischer’? reported a patient living 3.5 years. One of the present authors’ patients (Case 2) 
was adopted at the age of 1 week, after a pediatrician had found no evidence of abnor- 
mality in the child. Obviously the parents of these children could have been spared consid- 
erable mental anguish and needless expense had the true condition been recognized 
earlier. 

The authors’ impression is that the diagnosis can be made early in life by: (1) recog- 
nition of a characteristic clinical pattern, (2) trangillumination of the head, (3) fontanel 
puncture, (4) electroencephalography and finally, if necessary, (5) by ventriculography. 

It is hoped that pediatricians will employ the transillumination test frequently in the 
examination of abnormal infants so that its true value may be determined. The apparatus 
is simple and consists merely of a lamp producing a strong beam of light surrounded for 
a short distance by an opaque cone against which the head js held. For uniform applica- 
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tion in the hospital, the lamp may be set up in the roentgenographic department and a 
request be made for transillumination of all over-sized heads at the time roentgenographic 
studies are made. 

One of the authors" has said that “Pediatricians cannot be expected to discover defects 
of the neopallium before that complex structure is known to exert its effect on the 
organism.” It is now believed that hydranencephaly, a particular defect of the neopallium, 
can be recognized before the neopallium should normally be expected to reveal its pres- 
ence through its physiologic activity. 
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SPANISH ABSTRACT 


Hidranencefalia: Su Diagnostico Clinico. Reporte de 7 Casos 


El] diagnostico de la hidranencefalia usualmente una curiosidad de la autopsia va siendo 
sospechado clinicamente en los Ultimos afios. Siete casos han sido identificados en un hospital de 
nifios en un periodo de dos afios. Esta malformacion congenita consiste en la ausencia completa del 
cerebro y su sustitucion por liquido cerebroespinal retenido entre las membranas meningeas normales, 
con un calvario normal o aumentado de tamafio. El diagnostico puede hacerse tempranamente basado 
1) en la presencia de un cuadro clinico caracteristico, 2) la transiluminacion de la cabeza, 3) el 
electroencefalograma con trazado de linea plana, 4) la puncién de la fontanella, 5) y el ventriculo- 
grama caracteristico. El diagnostico en estos casos de hidranencefalia es importante solo desde el 
punto de vista de pronostico y no por razones terapeuticas. 
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CONGENITAL TUBERCULOSIS 


B) FREDERICK EUGENE AMICK, M.D., MANNING W. ALDEN, M.D., 
AND Lewis K. SwEET, M.D. 
Huntington, W.Va., and Washington, D.C. 


N INFANT with congenital tuberculosis is one who has been infected with tubercle 

bacilli during intrauterine life or before passage through the birth canal has been 
completed. According to Beitzke' such a diagnosis can be demonstrated only if both the 
tuberculous nature of the lesion and the antenatal origin of the infection can be proved. 
The congenital origin of the infection must be assumed if a primary tuberculous complex 
is demonstrated in the liver, since such a lesion could have arisen only from tubercle bacilli 
in the umbilical vein. Likewise the presence of tuberculous lesions at the time of or within 
1 few days after birth is indicative of an antenatal infection. In the case of an infant who 
lives more than a few days, a congenital infection can be proved only if a postnatal 
infection can be excluded with certainty. This can be done only if the infant has been 
separated immediately and completely from the mother, and has been kept in an environ- 
ment known to be free from tuberculosis. 

True instances of congenital tuberculosis have been reported infrequently. Beitzke’ 
in 1935 was able to collect 61 cases of proved congenital tuberculosis with anatomic 
lesions, and 40 others in whom tubercle bacilli were found without histologic changes. 
Hughesdon? in 1945 collected from the literature 11 additional cases that fulfilled 
Beitzke’s criteria, and added four of her own. Single cases not included in the preceding 
reviews have been reported by Conrad,* Pagel and Hall,*-> Buchanon,* Contreras,’ Harris, 
McCullough, Stone and Brock,* Debré, Furiet-Laforet and Royer,® Lesne, Cayla, Roche 
and Allard’® and Hertzog, Chapman and Harring."! There are, therefore, 124 cases of 
verified congenital tuberculosis on record at the present time. Of these, only nine have 
been reported in the American literature. 

The infant reported by Lesne and his associates’ is of particular interest. He was born 
to a mother who had been under treatment for tuberculous meningitis for a month before 
delivery. The mother died shortly thereafter. The infant showed evidences of tuberculosis 
when he was one month old. He was given a prolonged course of streptomycin therapy 
and was in good condition more than one year later, when the report was written. This 
is the first infant known to have recovered from congenital tuberculosis. 

Four instances of congenital tuberculosis have been encountered in the Gallinger 
Municipal Hospital between 1940 and 1949. Two of these patients were alive and well 
at the ages of 17 and 24 months. Their tuberculosis apparently has been arrested by 
streptomycin therapy. The purpose of the present paper is to report these four cases in 
detail. 

Case REPORTS 
Case 1. C. D., a 27 yr. old white female, approximately 8 mo.’ pregnant, was admitted to the 


hospital with a history of a productive cough and weight loss for about 5 mo. Her sputum had 
been streaked with blood for 2 wk. before admission and she had become weak and occasionally 
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dyspneic. She was losing weight in spite of the increasing weight of pregnancy. A fluoroscopic ex- 
amination at the time of admission revealed infiltration in the left apex near the left axilla. She gave 
birth to a male infant 4 days after admission. A roentgenogram of the mother’s chest 8 days after 
delivery revealed mottling and marked fibrosis throughout the left upper lobe, and a cavity 1.5 cm. 
in diameter in the first left anterior interspace. The remainder of the lung fields showed a miliary 
distribution of small discreet nodules, the findings being consistent with a miliary type of tuberculo- 
sis. Examination of the sputum 8 days after delivery revealed tubercle bacilli. The mother ran a 
febrile course and died on the 22nd day after delivery. Postmortem examination was not performed. 

After 18 hr.’ active labor, the patient had been delivered of a male infant who weighed 2000 gm. 
The infant was taken immediately to the premature nursery. There was no contact with the mother 
or with any other person with evidence of tuberculosis. The placenta was net described. Physical 
examination of the infant at the time of birth revealed no abnormalities. A low weight of 1875 gm. 
was reached on the 6th day of life, and by the 9th day the infant had regained to its birth weight. 
The formula was taken well and the infant appeared to be normal during the 1st 2 wk. of life. 
Fifteen days after birth, there was an elevation in the infant's temperature to 38.7° C. The infant's 
respirations became rapid and he took his formula poorly and became listless. On the 16th day of 
life, chest RG showed several small discreet shadows of increased density throughout both lung 
fields. The findings were consistent with a miliary tuberculosis. The condition of the infant rapidly 
became worse and he died 17 days after birth. 

Autopsy findings——The body was that of a white male infant 35 cm. long, weighing 2050 gm. 
The positive gross and microscopic findings were confined to the lungs, the genitourinary tract and 
the hemopoietic system. Both lungs were distended and their pleural surfaces smooth. Scattered 
throughout the lung fields were numerous. yellowish-white nodules varying in diameter from 1 to 
4 mm. These nodules were more profuse in the 2 lower lobes. Some of the nodules appeared to have 
a central lumen suggesting a clover-leaf arrangement around the bronchioles. The mediastinal lymph 
nodes were within normal limits. 

The kidneys showed the usual fetal markings. The ureters, pelves and calyces of both kidneys were 
dilated, the right being about 5 times normal size, and the left 3 times normal size. 

Microscopically each lung lobule was affected and contained distended alveolar sacs whose lumens 
were filled with dark blue-staining necrotic material with a few polymorphonuclear and mononuclear 
cells. Surrounding these areas the adjacent alveoli also contained some debris and more cellular ele- 
ments of the inflammatory and phagocytic type. The alveolar walls were distinctly outlined, often 
were completely intact. An occasional bronchiole contained the same material as that present in the 
alveoli. The bronchial walls and blood vessels appeared intact. The entire picture was one of an intra- 
alveolar lesion resembling lobular pneumonia except for the far advanced disintegration present in 
the intra-alveolar material. No epithelioid cells, giant cells or lymphocytes were found in any of the 
lesions. Ziehl-Neelson stain revealed myriads of acid-fast beaded bacilli in the disintegrated tissue, 
in the alveolar lumens, and some in the alveolar walls. 

No further lesions were found in any of the other organs, and the kidneys showed only the 
changes consistent with hydronephrosis. There was evidence of extra-medullary hematopoesis in the 
spleen and adrenal cortex. 

The diagnosis was aspiration tuberculous pneumonia contracted in utero, bilateral hydronephrosis 
and hydroureter and marked hypochromic anemia. 

Case 2. L. J., a 32 yr. old Negro female, was admitted to the hospital at 35 wk.’ gestation. She 
had attended a prenatal clinic for the first time on the day of admission and was referred to the hos- 
pital because of early labor and because she had passed a large blood clot. Her pregnancy had been 
uneventful except for morning sickness during the first trimester. Her usual weight was 61.8 kg., but 
at the time of admission was 60.5 kg. Her previous pregnancies were uneventful and both children 
were living and well. She had received treatment for syphilis 2 yr. previously and 1 sister was known 
to have tuberculosis. 

At the time of admission her temperature was 37.4° C. About 30 hr. after admission, she was 
delivered of a 2400 gm. male infant who was immediately taken to the premature nursery. The 
placenta showed no gross abnormalities. Following delivery the mother continued to maintain an ele- 
vation in temperature. Chest RG showed miliary tuberculosis 23 days after delivery. Her course was 
steadily downhill. She developed tuberculous meningitis and died 6 mo. after delivery. Autopsy was 
not performed. 
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The infant to L. J. did well during the 1st 4 wk. of life. A low weight of 2100 gm. was reached 
on the Sth day after birth. He did well, gaining weight and taking his formula well, until the 37th 
day of life, when he weighed 2700 gm. At this time the infant began to have bouts of fever, became 
listless and anorexic, and developed rapid respirations with periods of apnea. Fine moist rales over 
the left lung field were discovered at this time. Chest RG on the 41st day of life showed enlarged 
tracheo-bronchial lymph nodes on the right side and infiltration in the right upper lobe. First test 
strength PPD was negative on the 44th day of life. The second strength PPD was positive 2 days 
later, and at this time the site of the first test strength PPD showed a positive reaction. Repeat RG 
of the chest 4 days later showed a progression of the lesion in the right lung and there was also in- 
filtration in the medial portion of the left lung. Tubercle bacilli were found in gastric washings on 
the 52nd day of life. The infant became very weak and lost weight. He died 54 days after birth. 

Autopsy findings—The body was that of a well developed, undernourished Negro male weighing 
2810 gm. There was very little subcutaneous fat and the musculature was very thin. Grossly the 
pleural surfaces of the lungs were smooth and each pleural cavity contained a small amount of straw- 
colored fluid. The lungs were extensively consolidated with confluent areas of yellowish-white necrosis 
and cavitation. Only very small amounts of aerated lung parenchyma remained. There were many 
small foci of yellowish-white caseous material scattered throughout both spleen and liver. No tuber- 
culous lesions were found in the rest of the viscera, but there was a patent ductus arteriosus and 
foramen ovale, and the pericardium contained about 5 cc. of straw-colored fluid. 

Microscopic.—Sections of lung showed large areas in which there was complete replacement of 
lung parenchyma by a fibrosing inflammatory process. The lesions were surrounded by thin collage- 
nous connective tissue bands and their centers were often completely necrotic. In the midzones there 
were numerous polymorphonuclear cells, lymphocytes and congested capillaries. Epithelioid and giant 
cells were absent. About these fibrous enclosed areas the adjacent alveoli contained polymorphonuclear 
cells, lymphocytes, plasma cells, large macrophages and debris. Many of the bronchioles were cen- 
trally located in these lesions and their mucosal cells were completely destroyed. The bronchiolar 
walls were often necrotic so as to suggest that the initial pulmonary process originated in the air 
passages and spread to involve contiguous tissues. There was also definite evidence of invasion and 
destruction of small arteries in the most heavily involved regions. There were varied amounts of 
fibrin on the pleural surface and the tissues were markedly edematous. 

The picture was that of a tuberculous bronchopneumonia following aspiration of infected material. 
Acid-fast beaded organisms were demonstrated in these tissues. 

Sections of liver and spleen both contained small rounded lesions scattered throughout the 
parenchyma. These lesions were composed of caseating centers and had lymphocytes and polymorpho- 
nuclear cells at the periphery. In a rare instance Langhan’s type giant cells were present. Acid-fast 
stains revealed abundant beaded bacilli identical with M. tuberculosis. 

Since the lesions in the liver and spleen had miliary distribution, were composed of definite casea- 
tion necrosis, and did contain rare Langhan’s giant cells, it was felt they were of a more recent oc- 
currence than those in the lungs. 

Case 3. M. H., an 18 yr. old Negro female in the 7th month of gestation, was admitted to the 
obstetric service in active labor. About 14 hr. before admission she began to have uterine contrac- 
tions and vaginal bleeding, and 2 hr. before admission she passed 3 large clots of blood. Her tempera- 
ture on admission was 38.4° C. There was a moderate pharyngitis, and the lungs were clear. One 
brother of this patient died with tuberculosis, a nephew had primary tuberculosis and her 1 child was 
being treated for primary tuberculosis. The patient had been followed in the District of Columbia 
Chest Clinic for 7 yr. because of her family contacts. RGs 22 mo. before admission showed no evidence 
of tuberculosis. The day before admission RGs showed far advanced pulmonary tuberculosis. Two ° 
hours after admission she was delivered of a 1560 gm. female infant who was taken immediately 
to the premature nursery. There was no contact with the mother after birth. Chest RG of the mother, 
made 2 days after delivery, showed miliary tuberculosis. The following day the mother was started 
on streptomycin 3 gm./day by intramuscular injection. This was continued for 47 days. Chest RG 
2 mo. after delivery showed complete clearing of the miliary lesions. All laboratory work, including 
sputums, were essentially negative. Because of low abdominal pain, a gynecologist who saw her was 
of the opinion that she had a tuberculous salpingitis. Five months after delivery she was restarted 
on streptomycin 0.5 gm. intramuscularly twice daily, and this was continued for 15 days. She still 
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was in the hospital 2 yr. after delivery. She showed no evidence of miliary tuberculosis, and was con- 
valescing from her pelvic tuberculosis. 

Physical examination of the infant to M. H. at the time of birth revealed no abnormalities. On 
the second day after birth a low weight of 1284 gm. was reached. After this the infant began to gain 
weight. Second test strength purified protein derivative was questionably positive on the 14th day 
of life. The same test repeated the 21st day of life was definitely positive. When the infant was 56 
days old and weighed 2143 gm., it was noted that there was an enlarged anterior cervical lymph 
node, and that small pre-auricular lymph nodes were palpable. At the same time both the liver and 
spleen became palpable, the edge of each being felt about 3 cm. below the costal margin. On the 
63rd day of life, chest RG first showed some haziness in both lung fields. On the 72nd day there was 
diffuse mottling throughout both lung fields, the findings being consistent with a miliary tuberculosis. 
Gastric washings taken at this time were positive for acid-fast bacilli on culture. Streptomycin was 
given by intramuscular injection in doses of 60 mg. every 4 hr., starting on the 72nd day of life. 
This was continued for 4 mo. When the infant was 127 days old, and had been on streptomycin 
for 55 days, her weight had increased to 3277 gm. and chest RG was first reported as showing clear- 
ing of the miliary infiltration. Subsequent RGs showed complete clearing. She had several upper 
respiratory infections with catarrhal otitis media and elevations in temperature which were treated 
satisfactorily with sulfadiazine and/or penicillin. Her liver and spleen continued to be palpably en- 
larged. From the 3rd to the Sth month of life several blood transfusions were given for a moderate 
anemia. Thereafter the infant maintained a satisfactory RBC count and hemoglobin without trans- 
fusions. She gained and developed fairly well though caloric tests showed complete absence of 
vestibular function. She was discharged at 834 mo. of age weighing 5.9 kg. At 2 yr. of age she 
weighed 11.1 kg. and her chest was clear by roentgenographic examination. Her liver edge was felt 
1 cm. below the costal margin and her spleen tip was barely palpable. She walked well and showed 
little gross evidence of vestibular damage. She was mentally retarded, with an intelligence quotient of 
58 by the Kuhlman infant scale. The authors were uncertain as to the causal relationship between the 
congenital miliary tuberculosis and the mental retardation. 

Case 4. V. G., a Negro female aged 22 yr., was admitted to the Gallinger Municipal Hospital in 
the 33rd wk. of gestation. She was admitted because of false labor produced by a mild diarrhea. Her 
labor subsided but she developed an elevation of temperature. Simultaneously with the fever she de- 
veloped pain in the right flank and mild pyuria. These symptoms continued. One week after admis- 
sion, chest RG showed increased lung markings and accentuated hilar shadows that were compatible 
with tuberculosis of the tracheo-bronchial glands. During the period of fever she went into labor 
and was delivered of a male infant. The placenta was normal on gross and microscopic examinations. 
She continued to run a febrile course and gradually developed bilateral adnexal masses. Twenty- 
eight days after admission she developed evidence of intestinal obstruction. After appropriate sup- 
portive measures had been employed, an exploratory laparotomy was performed. The findings were 
characteristic of tuberculous peritonitis and salpingitis. A biopsy of peritoneum showed only sub- 
acute inflammation, but the peritoneal fluid showed organisms typical of M. tuberculosis on both 
smear and culture. 

Following operation, the patient was given streptomycin in a dosage of 2.0 gm/day for 6 wk. 
During this time her condition improved remarkably. She became afebrile after 4 wk. of therapy. 
She was discharged 3 mo. after admission. She subsequently returned to the hospital and 11/, yr. after 
the birth of the infant was under treatment for moderately advanced, active pulmonary tuberculosis. 

The patient, V. G., was delivered of a male infant after a labor that lasted 18 hr. The infant's 
weight at birth was 1770 gm. The infant was transferred from the delivery room 1 hr. after birth 
and had no subsequent contact with the mother or with anyone else who showed evidence of tuberculo- 
sis. He was given the usual care provided for a normal premature infant. His early response was 
good, He reached a low weight df 1500 gm. on the 8th day of life, then regained his birth weight on 
the 23rd day. The tuberculin test (P.P.D. #2) was negative at that time, and chest RG showed no 
abnormality. 

The infant continued to do well until the age of 7 wk., at which time he weighed 2510 gm. He 
then developed a low grade fever and enlargement of the cervical lymph nodes. Penicillin was given 
by intramuscular injection, but the following day the right ear showed a purulent discharge. The 
discharge continued and on the 56th day of life a right facial paralysis was noted. At the age of 9 wk., 
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the tuberculin test still was negative. Because of the continuation of the discharge from the right ear, 
and the right facial palsy, a right antrotomy was performed on the 71st day of life. The antrum was 
filled with greenish caseous material, and the antrum and the mastoid cells were enlarged from pres- 
sure necrosis. A large lymph node from the right cervical chain was removed for biopsy. On histo- 
logic study the node contained conglomerate granulomata which were typical of tuberculosis. A cul- 
ture from this node showed a dense growth of acid-fast bacilli typical of M. tuberculosis. Tubercle 
bacilli were recovered also on culture of the ear discharge. A specimen of tibial bone marrow ex- 
amined on the day of operation also showed tubercle bacilli on both smear and culture. 

Beginning the day of operation, after a definite diagnosis of tuberculosis had been established, 
the infant was given streptomycin 0.25 gm. by intramuscular injection every 6 hr. (1.0 gm./day). 
When this medication was started the infant's weight was 2724 gm. and his condition was poor. 
Following the streptomycin therapy the mastoid wound healed well, the facial paralysis: improved 
slowly, and the weight gain became more rapid. The chest remained clear as determined by fre- 
quently repeated roentgen examinations. Streptomycin was discontinued after 124 days of therapy. At 
that time the infant weighed 5056 gm. The infant has continued to do well. At 18 mo. of age he 
weighed 10.2 kg., and measured 89 cm. in length. His cervical adenopathy had receded. His chest 
was clear by roentgenographic examination. The infant had normal dentition and was in good gen- 
eral physical condition. He showed retardation in development in that he-did not talk or walk, 
though he occasionally pulled up to a standing posture. He showed evidence of vestibular damage in 
that he sat uncertainly. His locomotor retardation may have been caused by vestibular damage, which 
was expected. The lack of speech may have been due to nothing more than lack of stimulation in an 
institutional environment, though general mental retardation may have been a factor. 


COMMENT 


All four of the infants described fulfill the criteria for congenital tuberculosis as out- 
lined by Beitzke.** None of the infants had postnatal contact with his mother or with any 
other infected person since all were cared for in the nursery for premature infants until 
they showed evidence of illness. Case 1 developed a severe tuberculous bronchopneumonia 
with intra-alveolar necrosis before death on the 17th day of life. This extensive lesion in 
sO young an infant would seem to be possible only on the basis of intrauterine aspiration 
of infected amniotic fluid. The infants in Cases 2 and 3 may have been infected during 
intrauterine life or intranatal passage. Repeated tuberculin tests were not done on the 
second infant whose diagnosis was established only when there was advanced evidence of 
clinical illness after 5 wk. of life. The chest RG and the intradermal tuberculin test were 
positive at that time. Therefore, the diagnosis was established late in the course. The third 
infant showed a positive tuberculin test after three weeks of life, with positive RG and 
bacteriologic tests only after two months. The primary lesion in both these infants was in 
the lungs (in Case 3 by roentgenographic evidence only). It would seem highly probable 
that both these infants were infected by the aspiration of infected amniotic fluid in utero, 
though the possibility of intranatal aspiration cannot be excluded, Since the mothers of all 
three of these infants had acute miliary tuberculosis at the time of delivery, it is reasonable 
to assume an infection of the amniotic fluid without demonstrable gross abnormalities 
in the-placenta. 

The infant in Case 4 apparently was infected during birth. The mother had pelvic 
tuberculosis and tuberculous peritonitis rather than acute miliary tuberculosis. The infant 
remained symptom free for seven weeks, and the tuberculin test was negative at nine weeks, 
two weeks after the onset of symptoms. The primary lesion appears to have been an otitis 
media, followed by tuberculous cervical lymphadenitis and a hematogenous tuberculosis 
as demonstrated by the finding of tubercle bacilli in the bone marrow. The lungs remained 
clear by roentgenographic examination throughout the patient's entire illness, and there 
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was no evidence of liver involvement. These findings make an intranatal infection seem 
almost certain. 

The patients in this group comprise the only infants born to mothers who were suffer- 
ing from acute miliary tuberculosis at the time of delivery in this hospital during the past 
10 years. Since every infant the authors have seen who was born during the acute stage 
of acute miliary tuberculosis has developed tuberculosis without subsequent exposure, it 
would seem that all infants born to mothers with acute miliary or pelvic tuberculosis 
should be watched very closely with frequently repeated tuberculin tests. This should be 
done with the view of establishing the diagnosis in the earliest possible stage of the 
disease. This belief is enhanced by the fact that two of these patients apparently have had 
their tuberculosis arrested for periods of 15 and 21 months after the institution of strep- 
tomycin therapy. Treatment in these infants was started late in the disease because the 
authors wanted to delay until the diagnosis of tuberculosis was established beyond a 
peradventure of a doubt. Earlier treatment in subsequent patients would seem to be more 
advantageous. 

SUMMARY 


Four patients with congenital tuberculosis, all prematurely born infants, are de- 
scribed. Three infants born of mothers with acute miliary tuberculosis apparently con- 
tracted the disease by aspiration of infected amniotic fluid in utero. The fourth infant, 
who was born to a mother with acute pelvic tuberculosis and tuberculous peritonitis, seems 
to have been infected during passage through the birth canal. Two of the infants were 
treated by intramuscular injections of streptomycin. In both instances the tuberculous 
infection appears to have been arrested; the infants are in good condition at the ages of 
18 and 24 months, respectively. It is recommended that all infants born to mothers with 
acute miliary or pelvic tuberculosis be followed with frequently repeated tuberculin tests 
to insure an early diagnosis and adequate treatment. 


ADDENDUM 


The infants now are 26 and 32 months of age. They have shown no further evidence 
of tuberculous activity. They still show mental retardation and absent vestibular function. 
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SPANISH ABSTRACT 


Tuberculosis Congenita 


El diagnostico de la tuberculosis congenita solo puede establecerse cuando la naturaleza y origen 
congenito de las lesiones tuberculosas puede demonstrarse. La presencia de un complejo primario 
en el higado es prueba evidente del origen congenito de la infeccién tuberculosa, asi como lo es la 
presencia de un complejo primario pulmonar o en otro sitio en aquellos casos que fallecen al nacer 
o en los primeros dias de nacimiento. En un nifio que surviva varios dias, el diagnostico de la 
infeccién congenita solo puede postularse solo en caso que el nifio sea separado de la madre y 
mantenido en un ambiente libre de tuberculosis. 

Los autores revisan la literatura médica reciente de la tuberculosis congenita y reportan 4 casos 
adicionales de tuberculosis congenita ocurrida en nifios prematuros. Tres de ellos nacieron de madres 
con tuberculosis miliar y aparentemente contrajeron la infeccién por aspiracion uterina del liquido 
anniotico infectado. En el cuarto paciente, la madre padecia de una tuberculosis pelvica aguda con 
peritonitis y la infeccién parece haberse contraido dyrante el pasage del nifio a traves del canal 
pelvico. Dos casos fueron tratados con estreptomicina ¢on buenos resultados y arresto aparente de la 
infeccién tuberculosa; ambos ninos continuan saludables a la edad de 18 y 24 meses respectivamente. 
Se recomienda que nifios nacidos de madres con tuberculosis miliar 0 pelvica deben examinarse fre- 
cuentemente con pruebas de tuberculina para segurar un diagnostico temprano y un tratamiento 
adecuado. 
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RESULTS OF THERAPY IN 265 CASES 
OF TUBERCULOUS MENINGITIS 


By Arrico GALEoTTI Fiori, M.D. 
Florence, Italy 


FTER a recent visit to important pediatric centers in the United States,* it became 
A apparent that it would be useful to summarize for the benefit of those interested 
the results of therapy of patients with tuberculous meningitis observed in the Pediatric 
Hospital of the University of Florence since December 1946. This work was carried out 
by a team under the direction of Prof. C. Cocchi.1-* 

Therapy of this disease with chemotherapeutic and antibiotic agents was not possible 
prior to the last few years. The problems involved were gradually solved with the increase 
in clinical and therapeutic knowledge. The successive steps in the improvement of the 
technic of treatment are reflected in the increasing percentage of recoveries with the passage 
of time (table 1). 

From December 1946 through June 1949, 265 cases of tuberculous meningitis were 
treated. The presence of the Koch bacillus in the spinal fluid was demonstrated in all 
patients. Bacterioscopic examination by special methods*»'* and culture on Petragnani’s 
medium were carried out in all cases. Guinea pig inoculation was performed in all patients 
in whom bacterioscopy had been negative. 


TECHNIC OF THERAPY 


1. Intrathecal streptomycin: Dosage was as follows: 20-25 mg. for infants, 30-40 mg. for chil- 
dren, 40-50 mg. for older children and 50-70 mg. for adults. Dosage was reduced to half if strepto- 
mycin was administered intracisternally and to one third if given subdurally or in the ventricles. 

Intrathecal therapy is continued daily for 40-60-80 days. In the severe cases for the first few days 
an intracisternal injection (in the morning) is added to the intrathecal puncture (in the evening). 
After 40-60-80 days, lumbar punctures are performed on alternate days for several weeks and as 
the spinal fluid findings gradually return almost to normal they are decreased to 3 and then 2/wk., 
and finally to 1/wk. until the colloidal gold reaction of Lange becomes negative. The patient, how- 
ever, is checked by lumbar puncture for several more months. 

During the course of intrathecal treatment it is necessary to know the so-called ‘‘diffusion index” 
as it is essential that streptomycin get to the site of inflammatory reaction. To obtain the diffusion 
index, streptomycin 30 mg. are injected intrathecally; after 8 hr. 2 cc. of fluid are obtained from 
the cisterna and another 2 cc. from the lumbar region. By determining by the usual methods 
the amounts of streptomycin present in the 2 specimens it is then possible to determine how well the 
drug diffuses from the lumbar to the cisternal region. The index of diffusion is determined at the 
beginning of treatment and then once a month or whenever an increase in the spinal fluid protein 
is found, as this is a frequent sign of partial block. If the quantity of streptomycin getting to the 
cisterna is not adequate then the drug will have to be administered daily intracisternally and once 
or twice a week through the intrathecal route. In this way the spinal fluid protein will gradually 
decrease. In cases in which there is a definite block administration of streptomycin will have to be 
continued daily for several weeks, checking the spinal fluid protein every 15 days. Recanalization of 
the spinal fluid circulation has been seen after as long as 4 mo. of daily cisternal punctures. 

If because of an increase in the protein content of the fluid obtained by cisternal puncture and 


19 


From the Instituto di Clinica Pediatrica dell’ Universita di Firenze, Florence, Italy. 

(Received for publication Jan. 25, 1950.) 

* The assistance of the Rockefeller Foundation for Medical Research in making this tour possible 
is gratefully acknowledged. 


391 








392 ARRIGO GALEOTTI FLORI 


because of the clinical symptoms, a diagnosis of supratentorial block is made, trephining of the 
skull is immediately necessary. Through the burr holes plastic tubing should be introduced into the 
ventricles and into the subdural spaces and streptomycin therapy carried out by this means. It is also 
possible in this way to regulate the increases in intraventricular pressure.” 

2. Intramuscular streptomycin: The dosage was as follows: infants 200-300 mg., children 300-400 
mg., older children 400-500 mg. and adults also 500-600 mg./24 hr. and administered in 2 or 3 
separate injections. This treatment was continued for a few weeks after complete recovery. 

3. Sulfone:* From the first case treated in December 1946, every patient received sulfone adminis- 
tered intravenously in the dose of 50-100 mg./kg./day for the entire duration of the disease with only 
brief resting periods every month. The administration of sulfone is a necessary adjunct to strepto- 
mycin therapy because of its synergistic action and because it minimizes bacterial resistance to strep- 
tomycin. 


4. Para-aminosalicylic acid: Generally used only in the chronic cases in which streptomycin therapy 
had been continued for several months. The sodium salt is used in preference to other preparations 
and is administered intravenously by the drip method in the dose of 0.5 to 0.8 gm./kg./24 hr. in a 
5% solution. The sodium salt is also given intrathecally in the same dosage as streptomycin. 

5. Vitamin A: 100,000 I.U. intramuscularly twice a week for several months. 

6. Vitamin D2: 500,000 I.U. intramuscularly once a week for 4 to 6 wk. 


7. Supportive therapy: Blood transfusions, intravenous fluid and amino acid administration, 
water soluble vitamins (B and C). 


IMPORTANCE OF EARLY DIAGNOSIS 

Patients still die of tuberculous meningitis because the diagnosis is not made early 
enough. While the tendency once was to make a diagnosis as late as possible because of the 
uniformly fatal prognosis it implied, it is now necessary to establish a diagnosis as early 
as possible. The earlier the diagnosis the better the results of treatment. 

In the early days of streptomycin therapy a number of patients with miliary tuber- 
culosis were observed who developed meningeal signs one or two months after the begin- 
ning of therapy and in most instances died of tuberculous meningitis despite intramuscular 
drug administration. In these cases the intramuscular streptomycin was sufficient at the 
first time to mask the clinical symptoms of invasion of the meninges; the disease, 
however, progressed and by the time localizing signs were present local intrathecal 
treatment was no longer adequate. Since the end of 1947 every patient with miliary 
tuberculosis has had a lumbar puncture performed every 10 days to detect the earliest 
pathologic changes in the cerebrospinal fluid. At the first evidence of meningeal reaction, 
the Koch bacillus was searched for in fluid obtained by cisternal puncture as this gave 
a higher incidence of positive findings. Once the diagnosis was established by the findings 
of the bacillus in the cerebrospinal fluid, intrathecal treatment was started immediately. 
All the patients treated accordingly have recovered and in a relatively short time, a clear 
demonstration of the importance of early diagnosis. 

At the beginning of the disease it is not only difficult to predict the outcome of the 
disease, but it is impossible to decide how long treatment should last. Some cases were 
fully «recovered after 3 to 4 months of therapy, but in the majority 5 to 7 months and in 
some instances 8 to 9 months of treatment have been necessary. 


RESULTS OF TREATMENT 
The results of treatment are summarized in table 1. Patients were considered cured if 
they presented negative spinal fluid findings (cells, protein, sugar, chlorides) and had a 
negative colloidal gold reaction (Lange’s reaction). The patients reported as “‘living”’ 
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ate clinically well, but still present a slightly elevated spinal fluid protein and a positive 
reaction of Lange. 

Time period 1 (from December 1946 through June 1947) was characterized by early 
discontinuation of intrathecal therapy with consequent relapses in some instances rendcr- 
ing the disease chronic and leading to the appearance of blocks and hydrocephalus. 
Streptomycin dosage and association with sulfone and other supportive measures was the 
same throughout all time intervals. In period 2 prolonged intrathecal treatment was 
initiated lasting until the spinal fluid was entirely negative. In the third period, accurate 


TABLE 1 


RESULTs OF THERAPY OF 265 CASES OF TUBERCULOUS MENINGITIS 
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evaluation of the circulation of the spinal fluid and the determination of the diffusion 
index led to the association of the intracisternal to the intrathecal streptomycin therapy 
when necessary. In the fourth period, the intraventricular and subdural streptomycin 
therapy was initiated in patients with supratentorial blocks. 

The over-all mortality in 1948 was 26%. There are now more than 100 cases of tuber- 
culous meningitis with a completely negative spinal fluid, without any residual change in 
the central nervous system. These patients are now leading a normal life and have again 
undertaken their customary work or their studitsSome of these have been well for more 
than 214 years. Among the patients who have recovered only one relapse has been seen 
four months after the spinal fluid became entirely negative. The treatment as outlined has 
been started again with the addition of the sodium salt of para-aminosalicylic acid by 
both the intravenous and intrathecal route and the patient is now on the road to recovery. 
Among the patients who have recovered one deserves special mention, a married woman 
who had severe miliary tuberculosis and tuberculous meningitis. More than a year after 
recovery she became pregnant and has given birth to an infant weighing 4,200 gm. at 
birth. Both the mother and child are now in perfect health. 

It can be stated that recovery from tuberculous meningitis takes places in a high per- 
centage of cases following the treatment outlined. The technic of therapy has been de- 
scribed in the hope that it will be further tried and controlled. 
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SUMMARY 


The technic of streptomycin and sulfone treatment followed at the Pediatric Hospital 
of the University of Florence has been outlined. Successive improvements in the technic 
of therapy are reflected in the increasing percentage of recoveries with the passage of 
time. The results of therapy in 265 cases of tuberculous meningitis seen since December 
1946 are reported. The over-all mortality in the year 1948 for treated cases was 26%. 
Some patients have been entirely well for over 214 years. 
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SPANISH ABSTRACT 


Resultados Terapeuticos en 265 Casos de Meningitis Tuberculosa 


Los autores describen la tecnica de tratamiento de la Meningitis Tuberculosa con estreptomicina 
y sulfa, usada en el Hospital de Pediatria de la Universidad de Florencia. Se indica que el aumento 
progresivo de curas obtenidas es reflejada en las mejoras sucesivas en la técnica terapeutica. Los 
resultados en 265 casos de meningitis tuberculosa observados desde diciembre 1946 es reportado. La 
mortalidad total de los casos tratados en el afio 1948 fue 26%. Algunos pacientes permanecen en 


perfecta salud por mas de dos afios. 
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SELF-DEMAND FEEDING IN THE FIRST WEEK OF LIFE 


By RicHarD W. O_msteD, M.D., AND EpiTH B. JACKSON, M.D. 
New Haven, Conn. 


ELF-DEMAND, ad lib, or flexible schedule feeding is a method of infant feeding 
in which an attempt is made to recognize the individual variations in the infant's 
desire for food. The infant is allowed to feed, within limits, when hungry as opposed to 
the present routine used in many nurseries and by many pediatricians of strictly regulated 
feeding schedules. A flexible method of feeding has been advocated by many pediatricians 
and child psychiatrists as one of the factors in the development of healthy feeding be- 
haviour in infants and children; the reader is referred to the excellent. articles on the 
theory of the self-demand regime.'-* The establishment of self-demand feeding in the 
newborn period has been practically impossible under the existing nursery arrangements 
where babies are kept in isolated nurseries apart from their mothers. In certain sections 
of the country, however, “‘rooming-in’’ arrangements have been established whereby the 
newborn baby is allowed to be at his mother’s bedside during the lying-in period. Under 
such arrangements it is feasible to. initiate self-demand feeding in the newborn period. 
Simsarian and McLendon documented the feeding behaviour of two newborn infants 
breast fed on an ad lib schedule.*-® Trainham, Pilafian, and Kraft recorded the feeding 
behaviour of twins breast fed in this manner.'® To the writers’ knowledge there have 
been no other recorded instances of self-demand feeding in the immediate newborn 
period. Aldrich"! and Gesell and Ilg! have described self-demand feeding behaviour in 
slightly older infants. ; 

In October 1946, a Rooming-In Unit was established on the University Service of the 
Grace-New Haven Community Hospital.!* The mothers in the Unit are allowed to keep 
their babies at their bedsides as much of the time as they desire during the hospital stay. 
The babies are fed, in general, whenever they evidence hunger regardless of time inter- 
vals. The majority of the rooming-in newborn infants are breast fed. 

The pediatricians in the Unit have recognized some interesting trends in the behaviour 
of the newborn infants in the first few days of life. By recognition of these trends it has 
been possib'e to explain to the mothers what to expect in the day-to-day feeding be- 
haviour of their babies. Such knowledge may then relieve certain maternal anxieties con- 
cerning the daily variations in the feeding behaviour of their babies. This holds particu- 
larly true for nursing mothers who are primiparae. 

It is not illogical to assume that rooming-in may become more widespread in the future 
and that more and more pediatricians will be concerned with the supervision of newborn 
feeding on an ad lib regime. It is felt, therefore, that this experience with such feeding 
behaviour may be of value in the understanding and management of infant feeding 
during the seven days of the newborn period. 


From the Rooming-In Project (Departments of Pediatrics, Obstetrics, Nursing Education and 
Hospital Administration), Yale University School of Medicine, and the University Service of the 
Grace-New Haven Community Hospital, New Haven, Conn. 

(Received for publication Dec. 10, 1949.) 
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MATERIALS AND METHODS 


The feeding behaviour of 100 newborn infants breast fed on a flexible schedule was analyzed. 
Only those infants were studied who remained in the Rooming-In Unit for at least 7 full days, not 
including the day of delivery. The feeding intervals were obtained partly from carefully kept records 
by the nursing staff of the Unit, and partly from behaviour day records kept by the mothers. The 
charting from the 2 sources checked very accurately. In addition to the 100 breast-fed infants, the 
records of 7 babies entirely artificially fed but also on a flexible schedule were included for com- 
parison. 

The data were arranged to record single feedings of either breast, cow’s milk mixture or glucose 
and complementary feedings of either milk mixture or glucose. It was arbitrarily decided that at least 
1 hr. should elapse between feedings for such feedings to be considered single or separate feedings. 
If water or milk mixture was offered sooner than 1 hr. after the last feeding it was considered as a 
complementary feeding. If water or milk mixture was offered longer than 1 hr. after the last 


TABLE 1 


ANALYSIS OF FEEDINGS OF BREAST-FED AND BOTTLE-FED BABIES 








Day postpartum 





1 2 3 4 5 6 7 





100 Breast-Fed Babies 


Total single feedings/day 6.2 6.9 8.1 8.6 8.5 8.3 7.9 
Total breast feedings/day $4-. $3 £9 tee ee ae. 12 
Total supplementary feedings/day 1.6 1.6 1.2 La ¥.3 Se | 0.9 
Total complementary feedings/day 1.8 2.0 1.8 ee 1.4 1-3 1.2 
Total time spent at breast: 

Babies receiving milk mixture 71.0 73.8 124.7 156.3 160.9 151.8 146.7 


135.4 141.8 161.1 155.3 147.0 147.6 
17 4.419 4" HO: 29.3 DS. A 


Babies receiving no milk mixture 
Average time of each feeding 
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7 Bottle-Fed Babies 


Total single feedings/day 5.4 7.6 9.0 8.7 8.7 1a 7.0 
Total single milk mixture feedings/day 4.7 6.7 8.9 8.3 8.4 13 6.7 
Total single glucose feedings/day 0.7 0.9 0.1 0.4 0.3 0.0 0.3 

0.1 0.6 1.3 0.9 0.6 0.4 0.4 


Total complementary glucose feedings/day 





feeding, and in place of a breast feeding, this was considered as a supplementary feeding. If both 
breasts were offered within the space of 1 hr., this was considered as a single feeding. The time 
spent at breast during a 24 hr. period was recorded on‘the majority of days. On occasions this was 
not recorded accurately by either mother or nurse, and the figures given are averages for those days 
only on which accurate timing was recorded. 

Milk mixtures were offered to breast-fed babies at the discretion of the pediatrician and on the 
mother’s demand. Fifty-nine per cent of the mothers were nursing their babies without supplement 
on the 7th postpartum day, and 41% required some artificial mixture. 

All. figures are recorded as averages. Day #1 indicates the first complete 24 hr. period after 
midnight of the day of delivery. 


RESULTS 


Analyses of the feeding behaviour of the babies supports a clinical impression that the 
third to the sixth postpartum days are the days of most frequent feedings for the majority 
of the babies. Table 1 and chart 1 show that there is a progressive rise in the number of 
total single feedings (breast, milk mixture or glucose) per day reaching a maximum on 
the fourth postpartum day and slowly declining thereafter. It is also noted that whereas 
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the number of total single breast feedings is rising to this maximum on the fourth day, 
the number of complementary and supplementary feedings is already declining after the 
second postpartum day. This would indicate that although the number of feedings are 
becoming more frequent, the babies seem more satisfied to nurse at breast and demand 
fewer bottle feedings of milk mixture or glucose. The maximum average number of total 
single feedings is 8.6 declining to 7.9 per day on the seventh postpartum day. 

Chart 2 is a composite of the frequency distribution curves of feeding for each single 
day. The maximum number of feedings taken by any baby in one day was 17, and only 
two babies of the 100 required this number during the seven day period. 
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CuarT 1. Average number of feedings per day. 


Chart 3 shows graphically the average amount of time spent at breast per day by babies 
who were fed without supplement of milk mixture and those who required some milk 
mixture, There is relatively little difference between the two curves except that during 
the first four days if no milk mixture was offered the babies spent a slightly longer time 
at breast. The offering of milk mixture after the fourth day did not decrease the amount 
of time spent at breast. 

Chart 4 compares the frequency of feeding of the babies fed largely by breast with 
that of seven babies who were entirely artificially fed. Although the number of com- 
pletely artificially fed babies is small in comparison, the chart reveals that there is a 
similar trend of the maximum frequency of feedings being reached on the third post- 
partum days as compared with the fourth for the breast-fed babies, and a subsequent 
daily decline thereafter. On the seventh postpartum day the artificially fed babies required 
seven feedings per day as compared with 7.9 for the breast-fed babies, 
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SUMMARY 


The foregoing data reveal that in babies breast fed and artificially fed on a flexible 
schedule there is evidence of a definite patterning of the feeding behaviour even within 
the first seven days of life. Of practical importance in the management of infant feeding 
on such a regime, as is indicated graphically, is the ability of pediatrician to predict and 
to prepare the mother to expect rather frequent feedings on the third to sixth days com- 
pared with the first two, and to assure her that even though the baby is fed when he 
demands feeding, he will, at a very early age, be requiring a number of feedings not far 
in excess of that which he would be given on the ordinary three or four hour schedule 
feeding regime. : 
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SPANISH ABSTRACT 


Alimentacion por “Demanda Prcpia” en la Primera Semana de Vida 


Los autores reportan los resultados de un estudio de 100 racién nacidos alimentados al pecho y 
siete recién nacidos alimentados con una formula artificial en un régimen de ‘“‘demanda propia.” Se 
encontr6 que la frecuencia de tomas de alimentos por dia fue maxima en el cuarto dia en los recién 
nacidos alimentados al pecho y en el tercer dia en los alimentados con la formula artificial. El 
promedio de tomas de alimentos fue de 8.6 para los recién nacidos alimentados al pecho y 7.9 en 
los alimentados con la formula artificial. 

Es de: importancia practica en el manejo de nifios con un régimen de “demanda propia,” la 
habilidad del pediatra en preparar a la madre en cuanto a la necesidad de tener que alimentar fre- 
cuentemente al nifio entre el tercer y sexto dia, sefalando que a pesar que al nifio se alimenta segun 
sus deseos, muy pronto él se acostumbra a un régimen mas o menos similar al horario corriente de 
alimentos cada 3 o 4 horas. 
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GLYCOGEN STORAGE DISEASE OF THE HEART 


I. Report of Two Cases in Siblings with 
Chemical and Pathologic Studies 


By Paut A. pi SANT’AGNESE, M.D., DoroTHy H. ANDERSEN, M.D., 
Howarp H. Mason, M.D., AND WILLIAM A. BAUMAN, M.D. 
New York City 


ON GIERKE? in 1929 described the clinical and pathologic findings in two children 

who had died with massive enlargement‘ of the liver and kidneys due to deposition 
of glycogen in these organs. He named the condition hepato-nephro-megalia glycogenica. 
Chemical studies were subsequently carried out on material from one of these patients 
by Schénheimer.? Since that time numerous cases of this condition have been reported and 
the subject has been reviewed by several authors.*-? Crawford® in 1946 was able to find 
50 such cases reported in the literature since its first description. Mason and Andersen* 
in 1941 and Bridge and Holt® in 1945 pointed out that this form of the disease con- 
stitutes a separate clinical and physiologic entity and listed the criteria to be met for a 
diagnosis of glycogen storage disease of the liver. 

In 1932 Pompe*:® in Holland and Bischoff? and Putschar™ in Germany independently 
described patients dying in infancy with an enormous enlargement of the heart due to 
diffuse deposition of glycogen in this organ. The liver and kidneys were not significantly 
affected in these infants. By analogy with the cases of von Gierke’s syndrome, Pompe 
named this condition cardiomegalia glycogenica. Several similar examples have been 
reported since. A number of different names have been used in the literature to designate 
this condition. Among others are the following: cardiac type of glycogen storage disease, 
cardiomegalia glycogenica diffusa, von Gierke’s disease predominantly of the heart, 
diffuse type of congenital rhabdomyoma of the heart, thesaurismosis glycogenica, glyco- 
genosis, Glykogenspeicherkrankheit. 

It was recognized from the beginning that there was no similarity in the clinical picture 
between what came to be called the hepatic and the cardiac types of glycogen storage 
disease. For many years it was felt, however, that the metabolic defect causing the exces- 
sive accumulation of glycogen was similar in both types. No satisfactory explanation was 
offered as to why in one instance the liver and kidneys were chiefly affected, and in the 
other the heart. Although it subsequently became clear that these are two separate dis- 
eases with different metabolic backgrounds, there has been, even in recent years, con- 
siderable confusion as to this point. 

The confusion was heightened by the appearance in the literature of a number of reports 
describing cases with enlargement of the heart in which glycogen deposits had been 
found ‘irregularly distributed through the myocardium at postmortem examination. 
Various terms from cardiomegalia glycogenica circumscripta to cardiac type of von 
Gierke’s disease were applied to such cases and it was felt that they represented instances 
in which the basic metabolic defect operative in the classical type of glycogen storage 
disease of the heart was localized and limited to small areas of the myocardium. 


From the Departments of Pediatrics and Pathology, Columbia University and the Babies Hospital, 
New York City. 
(Received for publication Jan. 6, 1950.) 
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It is the purpose of this paper to clarify the concept of the cardiac type of glycogen 
storage disease as a separate entity with distinctive clinical, chemical and pathologic 
manifestations and to formulate the criteria to be fulfilled before a case be included in 
this category. This will be accomplished through presentation of clinical, metabolic and 
postmortem chemical and pathologic studies in two cases of the disease occurring in sib- 
lings, observed at Babies Hospital in the last 27 years, and through a critical review of the 
literature. It will also be shown that while in cases of this disease the enlargement of the 
heart is the most striking clinical and pathologic finding, deposition of glycogen is wide- 
spread and involves many other organs and tissues of the body. 


REPORT OF Two CASES 


Family History—As shown in figure 1, the patients’ father and mother were first cousins. The 
father was born in 1898 in Southern Italy and was 1 of 9 siblings, 4 of whom died in infancy (in 
Italy) of unknown causes. He came to this country at the age of 15 and is a cement mason by trade. 
He is in apparent good health. 

The mother was born in this country shortly after the arrival of her parents from Southern Italy 
in 1903. She is 1 of 13 siblings of whom 4 died in infancy, 1 of pertussis and 3 of unknown causes. 
She has been in good health all her life, but shows obvious deformities of her legs presumably 
attributable to rickets in childhood. She has borne 10 children over a period of 25 yr. 

The first child, Lucy W., was born in 1922 and died at the age of 4 mo. in Babies Hospital after 
a course characterized by rapid breathing and intermittent cyanosis. A diagnosis of diffuse rhabdomyo- 
matosis of the heart was made at autopsy, but several years later it was recognized that the patient 
had died of glycogen storage disease of the heart. The case will be reported in detail in this paper 
(see Case 1). 

The next 2 children, a female and a male, were born in 1925 and 1926 and are at the present time 
living and well. One of them recently married a girl not his blood relative and has had a child, who 
is said to be normal. The fourth child, Anthony W., born in 1929, soon after birth developed inter- 
mittent cyanosis and heavy breathing and died at the Fordham Hospital in New York at the age of 
34 mo. Autopsy was performed and the parents were told that a diagnosis of enlargement and tumor 
of the heart had been made. Unfortunately the hospital's records for the date have been destroyed 
and are therefore unavailable. The fifth child, a boy, was born in 1931 and is living and well. The 
sixth child, Theresa W., was born in 1933 and after a clinical course in all ways similar to that of 
the first and fourth siblings died in Fordham Hospital at the age of 4 mo. Autopsy was not performed 
and the hospital records for this date have been destroyed. The seventh, eighth and ninth children 
were all females, born, respectively, in 1934, 1936 and 1945 and to date are living and well. The 
10th child, Lewis W., was born in 1948 when the mother was 46 yr. of age, and after a course 
marked by rapid breathing and intermittent cyanosis, died in the Babies Hospital at the age of 4 mo. 
The clinical diagnosis of glycogen storage disease of the heart was confirmed at autopsy. 
The clinical and postmortem findings in this patient will be reported in detail (see Case 2). 

Case 1.*—Lucy W. was admitted to Babies Hospital at the age of 4 mo. because of coughing for 
1 mo. and swelling of the hands and feet for 1 wk. 

The patient was born at home. Delivery was apparently without difficulties and the birth weight 
was 3.2 kg. The baby appeared normal at birth except for “sore eyes.’ The neonatal period was also 
normal. 

A few weeks after birth the parents noticed what they described as “heavy breathing,” which was 
constantly present, and some time later the appearance of intermittent cyanosis, more marked during 
feeding. The baby never gained ‘weight at what the parents considered a satisfactory rate and in the 
few weeks before admission had lost some weight. The development was poor and the child was 
just beginning to notice objects at the age of 4 mo. The stools were always normal and there had 
never been any vomiting. 


* This case was reported in summary by Humphreys and Kato” in 1934 as their case III, by per- 
mission of the late Dr. Martha Wollstein, pathologist of Babies Hospital. 
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Physical examination at this time revealed a poorly nourished, moribund white female infant. 
The head was asymmetric and the tongue was noted to be large. There was pitting edema of hands 
and feet and ‘consolidation’ over the left hemithorax. No mention as to the area of cardiac dullness 
or the heart sounds was made in the hospital record. 

The patient failed to rally despite the administration of stimulants and died 9 hr. after admission 


to the hospital. 
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AuTopPsy FINDINGS 


Gross examination.—The body was poorly nourished and there was edema of the 
hands, feet, legs and face. There were petechial angiomata of the chin, neck, shoulders 
and left elbow. 

The heart was large and symmetrically globular (Fig. 4). It weighed 90 gm. (normal 
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for the age, 29 gm.'*). The auricles were small. The right ventricle was enlarged. Its 
wall measured between 0.5 and 0.9 cm. in thickness and was firm. The left ventricle 
was also enlarged. Its wall was thickened, soft and friable and measured between 1.5 
and 2.0 cm. in thickness, The papillary muscles and the interventricular septum were 
thick. The apex of the heart was rounded, The myocardium throughout was pale pink. 
The coronary vessels, valves, endocardium, aorta and great vessels were normal. 

In the lungs there were areas of chronic congestion, emphysema and atelectasis. The 
liver was not enlarged (not weighed). Its capsule was smooth and its parenchyma firm. 

The spleen, adrenals, kidneys, thymus and lymph nodes were not remarkable. 

Microscopic examination.—Sections were prepared with hematoxylin and eosin stain 
only. Sections of the myocardium were also stained for glycogen with the Best stain.* 

Heart: The myocardium consisted of cells containing large, clear vacuolated areas, 
which occupied seven eighths of the cell body. Each vacuolated area was surrounded by 
a narrow rim of striated sarcoplasm. Rounded or elliptic nuclei lay within the vacuolated 
areas. Cross section of a fiber showed a thin cell membrane surrounding a clear space, in 
the center of which was the nucleus. Longitudinal section revealed that the vacuolated 
areas did not occupy the entire cell. There was no normal, fully striated heart muscle cell 
in the entire section. The material filling the vacuoles in the myocardial fibers was shown 
to be glycogen by the Best stain. 

Liver: The parenchymal cells were thin, transparent and granular. Most contained fine 
vacuoles. Only a few contained fat droplets. 

Kidney: The section showed congestion but no other significant changes. 

Diaphragm: Bundles of muscle fibers were separated by a small amount of fibrous 
connective tissue. Most of the muscle fibers were normal but some showed vacuolization 
with a clear central space occupying half or more of the fiber. The space was surrounded 
by a narrow rim of striated sarcoplasm. 

The skin contained numerous small angiomata. The brain was normal. No other sections 
were taken. 

The revised anatomic diagnosis included: glycogen storage disease of the heart; 
atelectasis; emphysema; fatty liver (? glycogen in liver); congestion of lungs and 
kidneys; edema of hands and feet; multiple angiomata. Originally this case had been 
filed as one of diffuse rhabdomyoma of the heart, but this diagnosis was revised by Dr. 
Wollstein 12 years later on the basis of reéxamination of the gross specimens and micro- 
scopic sections. 


Case 2.—Lewis W., a brother of the first patient, was admitted to Babies Hospital at the age of 
3 mo. with a history of intermittent cyanosis and peculiar “heavy breathing” since birth. 

The patient was born as a result of the 10th pregnancy of the mother. The period of gestation 
was uneventful and the mother was delivered at term by a midwife. The umbilical cord was said 
to have been wrapped around the child's neck and the baby was cyanotic for several minutes. After 
5 to 10 min. the baby revived, cyanosis disappeared and he seemed to be quite normal. Birth weight 
was 3.0 kg. 

An evaporated milk formula was offered from the first day of life. Vitamins A, C and D supple- 
ments were added to the diet a few days later. 

The baby seemed to do well on this regime and according to the parents gained weight normally 


* As stated by Humphreys and Kato,” among the microscopic sections of this patient's myo- 
cardium sent to them by Dr. Wollstein, there were some stained with the Best stain. They are no 
longer available at Babies Hospital. 
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for the first few weeks of life. It was recorded that the baby smiled at the age of 2 mu., but was 
never able to hold his head up. 

Around the age of 6 or 7 wk. the parents noticed a peculiar type of “heavy breathing,” which 
they were unable to describe more precisely but which attracted their attention because it was similar 
to that of the 3 children who had died. About 2 mo. after birth the patient began having spells of 
cyanosis, especially noticeable after feeding or when crying. At the same time the child’s activity 
decreased markedly, and he appeared to be sluggish. Even his cry became weak. 

In the 3 mo. since birth there had been no illnesses, with the exception of 1 mild upper respira- 
tory infection. There had been no coughing, vomiting or diarrhea. Appetite had remained good 
throughout and no difficulty had been experienced in feeding the baby, except for the cyanotic epi- 
sodes previously mentioned. In the weeks just prior to admission cereals and banana had been added 
to the diet. 

Because of the symptoms mentioned, the patient was taken to a physician, who discovered an en- 
larged heart, a large liver and spleen and advised hospital admission for further investigation. 

On admission the patient was found to be a rather small and moderately undernourished white 
male infant. He was unusually quiet and apathetic and cried softly when disturbed. He was not 
cyanotic while at rest. His respirations were 36/min. and regular, his pulse 136 and his temperature 
37.2° C. His weight was 4,600 gm. (2.5 standard deviations below the mean for 3 mo. of age), 
his height was 57 cm. and head circumference 39.5 cm. (both 1 standard deviation below mean), 
the circumference of the chest was 35.5 cm. (2.5 standard deviations below mean), the abdominal 
circumference was 35.0 cm. 

The head had slight postural asymmetry. The bridge of the nose was unusually flat. The pupils 
were equal and reacted normally to light. External ocular movements were normal. Ears, nose and 
throat were negative. Chest appeared symmetric and both sides of the thorax expanded equally. 
Lung fields were clear to auscultation and percussion. The area of cardiac dullness was enlarged in 
all diameters; the rhythm was regular, the sounds of poor quality, and a soft blowing systolic murmur 
was audible all over the precordium, loudest in the 4th ICS. just to the left of the sternum. The 
abdomen was soft and not distended. The edge of the liver could be felt 3 cm. below the costal 
margin in the right upper quadrant. It was not tender but was of firm consistency and its surface 
was smooth. The tip of the spleen was palpable at the costal margin. The kidneys could not be 
palpated. The genitalia were normal except for bilateral hydrocele of moderate degree. There were 
no deformities of the extremities. No cyanosis or clubbing of the fingers or toes was present. Deep 
reflexes were elicited and were equally active on both sides. Babinski’s reflex was present bilaterally. 

Course in hospital: On admission to the hospital a tentative diagnosis of cardiomegalia glyco- 
genica was made because of the family history and the massive enlargement of the heart found on 
physical examination and confirmed roentgenographically. It was of course realized that a differential 
diagnosis among the various diseases that might give rise to an enlarged heart in infancy could not 
be made on purely clinical grounds. The possibility of congenital hypothyroidism was briefly enter- 
tained but was ruled out by finding normal bony maturation and by the results of studies of the radio- 
active iodine uptake by the thyroid. 

A blood count done shortly after admission showed Hgb. 9.5/100 cc. RBC numbered 3.3 million/ 
cmm. and WBC 9.8 thousand/cmm., with 28% polymorphonuclears, 70% lymphocytes and 2% mono- 
cytes. Of the red cells 1.7% were reticulocytes. The platelets numbered 166,000/cmm. On the blood 
smear slight anisocytosis and moderate hypochromia of the red cells was noted. Four other blood 
counts done during hospitalization showed no significant changes. Urine examined on admission was 
acid in reaction, had a specific gravity of 1.020, and contained a trace of albumin but no sugar, 
acetone or diacetic acid. Microscopic examination of the urine revealed a rare red blood cell per high 
power field and a few crystals of calcium oxalate. Four other urine analyses were performed and 
were equally negative. A Kline test and intradermal tuberculin test (Mantoux test) with 0.01 mg. 
of O.T. were also negative. Two erythrocyte sedimentation rates performed at an interval of 4 wk. 
were both 3 mm./hr. (Westergren method). 

Throughout his hospital stay the patient was given a formula of evaporated milk with added 
sucrose. He took the formula fairly well, but while doing so, he frequently became cyanotic and had 
grunting, labored respirations. Cyanosis was present only during feedings for the first few weeks 
of his hospital stay. His condition remained essentially unchanged for 4 wk., the weight fluctuating 
between 4,500 and 4,800 gm. Stools were 1 to 3 a day and normal in appearance. No vomiting 
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was present. The apical heart rate was always between 130 and 140/min. One dose of digitoxin 
0.05 mg. (one third of a full digitalizing dose) was given 11 days after admission but was not re- 
peated because the heart rate dropped considerably and because there was doubt as to whether 
digitalization would be of help if the diagnosis was correct. Penicillin was administered as a prophy- 
lactic measure—50,000 units every 12 hr. for more than 3 wk. Despite these precautions the patient's 
temperature rose to 39.4° C. on the 30th day after admission. Physical examination revealed dullness 





Fic. 2. RG of chest in Case 2 (tube distance—2 m.). 


over the left lower lobe of the lungs posteriorly and coarse rales and rhonchi throughout both lung 
fields. Penicillin was increased to 50,000 u. every 3 hr. by intramuscular injection. However the 
patient's condition grew progressively worse, his respirations became more rapid and labored and 
cyanosis became constant. The patient died after 33 days in the hospital. 

Roentgenographic examination.—Three days after admission roentgen examination of the chest 
showed a globular heart enormously enlarged in all diameters (Fig. 2). An esophagram 10 days after 
admission revealed after the ingestion of barium that the esophagus was compressed and displaced 
dorsad. The trachea was similarly displaced and slightly compressed by the enlarged heart. The same 
findings were present on a second examination on the 25th hospital day. 

When the patient was 4 mo. of age, one half of the skeleton was examined roentgenographically. 
Six secondary centers were visible indicating only slight retardation in bone age. 

Electrocardiographic examination—ECGs were obtained on the 3rd and 12th hospital days (Fig. 
3), the findings being identical in both tracings. Rate was 140/min.; P-R interval 0.08 sec.; duration 
of the QRS complex, 0.08 sec. There was marked left axis deviation, the greatest deflection upward 
of the QRS complex being in lead 1 (seen with difficulty in Fig. 3). Q: and Q: were very deep. 
T: was diphasic, Tz, Ts, and Ta» were inverted. S-T segment was depressed in leads 1 anid 2. 
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Supraventricular tachycardia was- probably of sinus origin (pressure on the carotid sinus was not 
performed and therefore more definite information as to the type of tachycardia not obtained). The 
significance of the duration of the P-R interval is difficult to evaluate in a child of this age. How- 
ever, the ECG is definitely abnormal, especially because of the presence of left axis deviation in a 4 
mo. old infant. The coexistence of marked left axis deviation and widening of the QRS complex, 
without notching of the complex itself, is indicative of left ventricular hypertrophy. The inversion of 
the T waves is frequently found in the presence of marked left axis deviation and not necessarily an 
expression of myocardial damage. 

Radioactive iodine uptake: On the 8th day after admission, 15 microcuries of radioactive iodine 
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Fic. 3. ECG in Case 2. 


(I'") were injected intravenously. The uptake by the thyroid gland was checked by means of a 
Geiger counter and found to be 14% after 24 hr. (normal 12% + 3%). 


AUTOPSY FINDINGS 


Gross examination (Dr. Robert N. Philips).—Autopsy was performed one hour after 
death, 

The body weighed 4,350 gm. and measured 60.2 cm. in length. It appeared mal- 
nourished. The abdomen was slightly protuberant. The panniculus was scanty, whereas 
the muscles were well developed, but pale pink instead of red. There were a few cc. of 
clear fluid in both pleural cavities and less than 1 cc. of clear pericardial fluid. 

The heart (Fig. 5) was remarkably enlarged, weighing 148 gm. (normal for the age, 
29 gm.). It was globular and filled most of the thoracic cavity. The enlargement was 
symmetric and primarily ventricular with disproportionately small auricles. The epicardium 
was smooth, glistening and contained little fat. The foramen ovale was patent by a slit- 
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like orifice along its anterior margin. The atrial walls were not thickened. The right 
ventricular chamber was enlarged and crescent-shaped; the thickened interventricular 
septum bulged into the cavity of the right ventricle. The right ventricular wall varied 
from 0.5 to 1.0 cm. in thickness, being three to five times normal. The left ventricle was 
globular. Its wall was thickened, varying between 0.7 and 1.5 cm. The myocardium was 
paler and firmer than usual. The coronary vessels, valves, and endocardium were normal. 
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Fic. 4. Heart, Case 1 (Lucy W.), showing thick-walled left ventricle and small auricles. 
Fic. 5. Heart, Case 2 (Lewis W.), showing globular thick-walled left ventricle and thick 
columnae carnae. 


The aorta and great vessels were normal except for small atheromata in the descending 
thoracic aorta. The ductus arteriosus was closed. 

The lungs appeared normal. There was no foreign material in the air passages. The 
spleen weighed 14 gm. (normal 16 gm.) and was normal. The liver weighed 210 gm. 
(normal 188 gm.). It was slightly larger and yellower than usual but otherwise un- 
remarkable. The kidneys each weighed 22 gm. and were not enlarged. Aside from several 
tiny bilateral cortical cysts, the kidneys were normal. The tongue and skeletal muscles 
were not enlarged but were paler than usual, The pancreas, adrenals, pelvic organs, gastro- 
intestinal tract, neck organs, thymus, head, brain and spinal cord were normal. 

Microscopic examination.—Sections taken at autopsy were fixed in Zenker's solution 
and stained with hematoxylin and eosin. Comparable sections were taken at the same time 
and fixed in absolute alcohol. These were later embedded in celloidin and stained for 
glycogen by the method of Best. 

Heart (hematoxylin and eosin stain): The myocardial structure was altered, having a 
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“lace-work”’ appearance (Fig. 6). All the myocardial fibers were greatly enlarged and 
vacuolated. They measured 15 to 25 y in cross diameter. In a normal control heart from 
a subject of the same age, the diameter varied from 5 to 10 yw. A clear area occupied the 
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Fic. 6. Heart muscle, showing central clear area in fibers and peripheral satcoplasm. Nuclei are 
found in center of fiber. All fibers are involved. Hematoxylin and eosin. (x 100) 
Fic. 7. Heart muscle, showing glycogen granules within fibers. Best stain. (X 960) 


central portions of the muscle fibers and displaced the sarcoplasm to the periphery. The 
nuclei were centrally placed and surrounded by the clear area. Myofibrillae were prominent 
and no evidence of fiber degeneration was noted. A delicate eosinophilic network traversed 
many of the clear spaces. Subendocardial fibers (perhaps Purkinje fibers) contained larger 
vacuoles than the remainder of the fibers. A Best’s stain showed glycogen granules in 
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practically every fiber of the myocardium, occupying the areas which were clear in the 
hematoxylin and eosin stain (Fig. 7). In some areas empty vacuoles suggested that the 
glycogen clumps had fallen out during preparation of the sections. The endocardium 
contained no glycogen. 

Aorta: A moderate amount of glycogen was found in smooth muscle fibers of the 
media with Best’s stain. 

Lungs: The alveoli contained polymorphonuclear leukocytes, large vacuolated phago- 
cytes, red blood cells and occasional flecks of fibrin. These changes varied in degree from 
one area to another. The pulmonary vessels had thicker walls than usual, and numerous 
smooth muscle cells of the media were vacuolated. A Best’s carmine stain demonstrated 
glycogen granules within the alveolar walls and in muscle fibers of the bronchi. It was not 
possible to distinguish whether the glycogen was present in the alveolar epithelium or the 
capillary endothelium. Glycogen granules were present in cartilage cells but not within 
cartilage matrix. They were also present in occasional mucous gland cells and in bronchial 
epithelial cells. Glycogen was not present in the large phagocytes. 

Spleen: The structure of the spleen was normal. Vacuolated reticulum cells throughout 
the pulp stained for glycogen as did the endothelial and smooth muscle cells of the 
blood vessels. 

Liver (hematoxylin and eosin stain): There was a normal lobular pattern but the liver 
cells were large and pale (Fig. 8). Their cytoplasm was foamy and had the appearance 
of fine lace-work. Several cells contained rounded vacuoles suggestive of fat in small 
amount. Best's stain demonstrated glycogen granules within the liver cells, Kupffer cells, 
bile duct cells and endothelial cells of the blood vessels (Fig. 9). Nile blue sulfate stain 
demonstrated vacuoles of fatty acid in occasional liver cells but none of neutral fat. 

Pancreas: Glycogen was present in the acinar and duct cells, and in several of the 
cells of the islands of Langerhans. 

Adrenal: Glycogen granules were demonstrated in the ganglion cells of the meduila 
and in the reticular and fascicular zones of the cortex. 

Kidney (hematoxylin and eosin stain): A few glycogen granules were found in the 
glomeruli. The larger collecting tubular cells and those of the renal pelvic epithelium 
contained water-clear cytoplasm. These latter cells stained intensely with the Best's 
carmine, but the epithelial cells of the convoluted tubules did not. Glycogen granules 
were also prominent in the smooth muscle cells of the pelvic submucosa and of vessel 
walls, and in the cells of Henle’s loops. 

Alimentary tract: Glycogen was found in the smooth and striate muscle and in the 
mucous glands of the esophagus and in the muscle cells and mucous cells of the stomach. 
Moderate amounts were present in the muscularis and large amounts in the muscularis 
mucosae of the small intestine. None was found in the intestinal mucosa. 

Muscles: Muscle fibers of the tongue (hematoxylin and eosin) contained various sized 
vacuoles within the sarcoplasm. These assumed the shape of the fiber and lay in rows 
between groups of fibrillae, giving the fibers a honey-comb appearance on cross-section. 
The fibers were enlarged and clefts separated cell membrane from sarcoplasm. Several 
nuclei were hyperchromatic. The striated muscle of the esophagus resembled that of the 
tongue. Remarkable changes were noted in the hematoxylin and eosin preparations of the 

‘muscle fibers of the biceps, psoas and diaphragm. In the biceps many muscle fibers were 
collapsed, coiled and formed irregular wavy interrupted strands (Figs. 10 and 11), Others 
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were markedly and diffusely vacuolated. In numerous areas, dark muscle nuclei were closer 
together than usual, suggesting loss of substance. In these areas, fiber structure had been 
altered and the usual cytoplasm replaced by coarse basophilic granular material. The large 





Fic. 8. Liver, showing clear spaces separated by fine granular network of cytoplasm. 
Hematoxylin and eosin. (x 960) 
Fic. 9. Liver, showing glycogen as heavily stained granules. Best's stain. (x 960) 


vacuolated fibers contained sarcoplasm adjacent to the sarcolemma; the fibrillae were less 
prominent than normal and were sometimes interspersed with rows of vacuoles. Other 
fibers showed only mild changes. Several showed both basophilic change and vacuolization. 
In the tongue, biceps and psoas muscles the diameter of the fibers varied from 20 to 35 p. 





GLYCOGEN STORAGE DISEASE OF THE HEART 413 


In the psoas muscle and diaphragm, changes were not as pronounced. Vacuolization 
alternated with apparently normal muscle fibers. Myofibrillae were prominent and hyper- 
chromatic nuclei and basophilic changes were not noted. Best’s stain gave an irregular 





Fic. 10. Striate muscle (psoas). Vacuoles separate fibrillae and sometimes occupy entire 
cross-section of muscle fiber. Hematoxylin and eosin. (X< 100) . 
Fic. 11. Striate muscle (psoas) under high magnification, showing vacuoles between muscle 
fibrillae. Clear area between cell membrane and fibrillae is artefact. (x 960) ~- 


picture, staining some vacuoles only. This was probably due to a technical error ‘in cutting 
the sections at 5 y. thickness, which was much less than the.diameter of the fibers. The 
appearance suggested that some glycogen granules had fallen out of their places within 
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the fiber. Best’s carmine stain. demonstrated glycogen granules within the smooth muscle 
cells of the small intestine and stomach and within the gastric mucous gland cells. 
Throughout all the sections smooth muscle cells of the blood vessel media were vacuolated, 
the vacuoles taking the stain for glycogen. 

The reticulum cells of the thymic parenchyma were large and likewise stained. with 
Best's carmine. 

Sections of brain were not stained for glycogen. The anatomic diagnoses were as 
follows: glycogen storage disease of the heart; cardiac hypertrophy; glycogen in lung, 
cartilage, spleen, liver, pancreas, adrenal, kidney, striated muscle, smooth muscle, sympa- 
thetic ganglion cells, reticulo-endothelial system, mucous glands, thymus, and vascular 
endothelium; lobular pneumonia; lipoid pneumonia, mild; atheroma of the aorta; 
bilateral hydrocele; patent foramen ovale. 


ANTEMORTEM CHEMICAL INVESTIGATIONS—CASE 2 


A. Carbohydrate Metabolism : 

1. Methods: Total blood sugar was determined in all instances by Benedict’s micro- 
method,"* the blood for analysis being obtained by finger-puncture. 

Blood lactate was determined by the method described by Edwards.1°* Blood for lactate 
determination was obtained by venepuncture of the external or internal jugular veins thus 
avoiding the possibility of venous stasis. Because of the patient’s poor condition and 
weakness, struggling was minimal so that the effect of muscular activity on blood lactate 
levels can be largely discounted. Provision is made in the method used against autoglycoly- 
sis between the time the blood is withdrawn and the time it is analyzed. 

In the oral sugar tolerance tests 1.75 gm./kg. body weight of the three monosaccharides, 
dextrose, levulose and galactose, were administered in 50% aqueous solution. Dextrose 
was also given by rapid intravenous injection in the dose of 1 gm./kg. body weight in 
50% solution in distilled water. Epinephrine was injected subcutaneously in the dose of 
0.03 cc. of a 1:1,000 solution/kg. body weight. 

The method of Thompson, Johnson and Hussey*® was followed for the determination 
of serum amylase. 

Throughout his hospital stay the patient was fed a formula of evaporated milk and 
water with added 5% sucrose, amounting in the 24 hours to 123 cal./kg. He took this 
well. The period of fasting before blood sugar determinations and blood sugar curves 
was nine Hours (patient being fed seven times a day). Forty-eight hours or longer were 
allowed to elapse between blood sugar curve determinations. 

2. Results: Fasting blood sugar levels—The values obtained on eight determinations, 
between 47 and 88 mg./100 cc. (table 1), were not considered unusually low for a 
chronically ill, poorly nourished infant of 4 months of age and therefore not indicative of 
hypoglycemia. 

Resting blood lactate levels—Normal levels for blood lactate at rest are usually given 
as 5 to 20 mg./100 cc.1" 18 Both determinations in this patient were within these figures 
although the second one was at the upper limits of normal. 

Serum amylase.—The figure obtained for serum amylase (table 1) is within normal 
limits for a child this age.?® 


* All blood lactate determinations were done by courtesy of Dr. R. C. Darling of the Depart- 
ment of Medicine, Columbia University. 
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TABLE 1 


CLINICAL CHEMICAL DATA 












April 1948 





15 





Fasting blood sugar 
(mg./100 cc.) 
Resting blood lactate 
(mg./100 cc.) 
Serum amylase 
(u./cc.) 
Total serum lipids 
(mg./100 cc.) 
Total 
Serum cholesterol] Free 
(mg./100 cc.) Combined 
Ratio 
Serum vitamin A 
(I.U./100 cc.) 
Serum carotene 
(y per cc.) 
NPN 
(mg./100 cc. blood) 
Total 
Serum proteins Albumin 
(gm./100 cc.) Globulin 
Ratio 
Serum bilirubin 
(mg./100 cc.) 
Serum Ca 
(mg./100 cc.) 
Serum P 
(mg./100 cc.) 
Serum phosphatase 
(Bodansky u.) 
Serum chlorides 
(mEq./].) 
Prothrombin time 
(sec.) 
Zinc turbidity 
(u.) 
Thymol turbidity 
(u.) 
Cephalin flocculation test 
‘Acetone and diacetic acid 
Urine Organic acids in 24 hr. 
Analyses} (cc. N/10 acid) 
Sugar 


35 


6.7 


6.1 


92 


Noe wu 
ow on 


0.25 
(all direct) 
10.8 


4.4 


106 


22.6 





Dextrose tolerance tests (Fig. 12).—After oral administration of dextrose the blood 
sugar rose in 30 minutes to a peak of 89 mg., a total increase of 38 mg., and gradually 
in 180 minutes returned to the fasting level of 51 mg. After rapid intravenous injection 
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of dextrose the blood sugar at 5 minutes was 162 mg.; it returned to the fasting level in 
60 minutes. By the usual standards the peroral curve in this case was low normal.”® *1 
This may have been due to poor intestinal absorption, a factor which is extremely variable 
in young infants. More probably the relatively low rise was due to rapid removal and 
utilization of dextrose. The return of the blood sugar to fasting levels in only 60 minutes 
after intravenous injection of dextrose was more rapid than usual,* *? although at the 
limit of normal, and also points to rapid fixation of dextrose by the tissues. The patient's 
poor nutritional state and low fasting blood sugar levels confirm this interpretation. 


TOTAL 
BLOOD SUGAR 
mg./100 cc. 


AFTER DEXTROSE ADMINISTRATION 
s++e--+- AFTER LEVULOSE ADMINISTRATION 





dl rl 


o 15 30 69 120 180 
MINUTES 


Fic. 12. Values obtained for total blood sugar in Case 2 after administration of dextrose and levulose. 





Galactose and levulose tolerance tests.—It is seen from figure 13 that after ingestion 
of galactose the total blood sugar rose 30 mg., which is well within normal limits.?°-2* 
Most of the rise furthermore was due to increased formation of dextrose from glycogen 
stimulated by administration of galactose. After oral administration of levulose (Fig. 
12) the total blood sugar rose only 10 mg., a normal response.”°-*? 

Blood sugar response to injection of epinephrine.—After subcutaneous injection of 
epinephrine the total blood sugar rose normally 81 mg. on one occasion and 47 mg. on 
another (Fig. 14, curves B and C). 

Blood lactate response to injection of epinephrine.-—The blood lactate response to sub- 
cutaneous injection of epinephrine was determined simultaneously with the glycemic 
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response (Fig. 14, curves A and B), the venous blood for this determination being drawn 
from the internal jugular vein, while a specimen from the finger tip was being obtained 
for blood sugar analysis. The two curves paralleled each other and both reached a peak 
30 minutes after injection. Blood lactate rose from 12 to 30 mg., decreasing to 17 mg. 
after 120 minutes. 

The results of the blood lactate curve are not easily interpreted, for observations on 
blood lactic acid levels following injection of epinephrine have been gathered mainly 
through animal study and this test has only infrequently been applied to man. In 1923 


mg./100 cc. 
BLOOD 


100 


NON-FERMEN TABLE SUGAR 


— «- ‘ 
wm 
- ee we ew ee ee ee ee 
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MINUTES 


Fig. 13. Values for total sugar, dextrose and nonfermentable sugar in Case 2 after 
ingestion of galactose. 


Tolstoi and collaborators?* in observations on four normal adults, after subcutaneous 
injection of epinephrine, found an average increase in blood lactic acid content of 13 mg. 
over the resting level (table 2). Loeb and associates in 1931,?4 studying six adults with 
normal carbohydrate metabolism, observed an average rise in blood lactic acid of 18 mg. 
over the resting level, after injection of epinephrine. 

The test was performed at the Babies Hospital on two children in whom carbohydrate 
metabolism was presumably normal. After injection of epinephrine, a rise of 15 mg. over 
the resting lactate level was observed in a 6 year old girl admitted for mental deficiency. 
The increase in lactate levels was 40 mg. in a 3 month old male infant with coarctation 
of the aorta. The results in the latter case are believed to have been altered by the infant's 
struggling. 

It is to be expected that considerable individual differences exist in the lactate response 
to injection of epinephrine, but in the majority of cases a rise of 13 to 18 mg. over the 
resting level was observed. Except in the cases reported by Tolstoi, the blood lactate levels 
had not returned to the resting values two hours after injection of epinephrine. 

In view of the results just discussed the blood lactate response to injection of epi- 
nephrine in the patient under consideration must be considered normal. 
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BLOOD SUGAR BLOOD LACTATE 

mg./100 cc. mg./100 cc. 

150+ 4 30 

125 + 125 

100 + 420 

15 | ™ 

50 } 3 10 

95} BLOOD LACTATE 15 

-------- BLOOD SUGAR 
© 158 30 45 60 120 
MINUTES 


Fic. 14. Blood sugar and blood lactate response to subcutaneous injection of epinephrine in Case 2 
(curves A and B were determined simultaneously). 


TABLE 2 


Bioop SuGAR AND BLoop LACTATE RESPONSE TO INJECTION OF EPINEPHRINE IN 
SUBJECTS WITH NORMAL CARBOHYDRATE METABOLISM 























————— — =a 
Blood Sugar | Blood Lactate 
| (mg./100 cc.) Blood | (mg./100 cc.) | Blood 
i ee ————____— -_—_| paetate 
iit t ox Actin | Sic |: Aaa Dose of Time after epinephrine | Increase |Time after epinephrine Increase 
; | sith Spi 8 | Epinephrine | (min.) (min.) 
| Ini- | mg./ | tni- | mg./ 
| tial 15 30 60 120 100 cc. | tial 15 30 60 120/ 100 cc. 
Tolstoi et al. (average| — | Adult | 1.0 ce. 111 - — 188 — Ske Peary ers 
of 4 patients) 
| 
Loeb et al. (average 2M | 17to 48 | 1.0 cc. | 95 — 147 170 143; 75 | oo — 182? 01-8 
of 6 patients) | 4F ae | | 
| | 
Mary Ann M. | F 6 yr. 0.03 cc./kg. | 88 159 204 239 — | 151 6 20 21 12 12} 15 
Thomas E. | M| 4mo. | 0.03cc./kg.| 84 127 144 172 132 | 88 7 20 43 47 33 | 40 
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B. Fat Metabolism 


Figures for total serum lipids and for total serum cholesterol and cholesterol esters 
were within normal limits (table 1). The serum vitamin A and carotene levels were also 
normal. In an infant 4 months of age fed exclusively on an evaporated milk formula and 
therefore receiving very little carotene in the diet the serum levels of this substance are 
expected to be low. 

No acetone or diacetic acid were found in five urine specimens collected in the early 
morning after a period of fasting of from six to nine hours. A determination of total 
titratable organic acid in 195 cc. of urine representing the total excretion of a 24 hour 
period was within normal limits (normal 8 cc. of N/10 acid/kg. body weight in the 
24 hours). 


C. Other Chemical Data 


Other chemical data are detailed in table 1. All the chemical investigations gave normal 
values, with the exception of the prothrombin time determination. This was found to be 
significantly longer than the normal of 14 seconds, an expression presumably of poor fat 
absorption (vitamin K) in a malnourished and sick infant. 


D. Liver Function Tests 


Many of the chemical investigations performed gave indirect evidence of preservation 
of liver function. Among these were the figures for cholesterol partition, for serum pro- 
teins, the zinc and thymol turbidities and the cephalin flocculation test. The results of the 
monosaccharide tolerance tests and the normal glycemic response to injection of epi- 
nephrine were evidence of preserved hepatic carbohydrate metabolism. 


POSTMORTEM CHEMICAL STUDIES IN CASE 2 


1. Methods.—Specimens from various organs for chemical analysis were collected 
within 90 minutes after death, and finely sliced with a razor blade. About 0.5 gm. of the 
material was immediately placed in 2 cc. of 60% KOH, heated for 20 minute; in boiling 
water and washed by centrifugation with three changes of 95% alcohol. The glycogen 
content was determined the next day. Other samples were placed in an incubator at 37.5° C. 
for 24 hours and then analyzed for glycogen content in the same manner as the non- 
incubated material. Glycogen content-was determined by the method of Cori,” except 
that the final glucose determination was made by the Somogyi method. 

By error, the brain and spinal cord were fixed in an aqueous solution of formalin for 
over 10 days and only after this time analyzed for glycogen content. Much of the poly- 
saccharide had undoubtedly been dissolved out of the tissues into the fixative by this time. 

2. Results——The results are reported in table 3. The glycogen content of the tissues 
placed in potassium hydroxide immediately after death was highest in the heart, but not 
much lower in the tongue, psoas muscle and liver. Little glycogen was present in the 
kidneys. Only traces were found in the diaphragm, but it was felt that this could be 
explained by the fact that the specimen taken for analysis consisted mostly of tendon and 
not of muscle. The results of chemical analysis on a different specimen of diaphragm 
after incubation for 24 hours at 37°C. bear this out by showing significant quantities of 
glycogen still present in the tissues and in amounts in all ways comparable to those of the 
psoas muscle. 
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It is more difficult to explain the almost complete absence of glycogen in the biceps 
muscle, especially as it was analyzed at the same time and with the same methods as all 
other specimens. 

Chemical analysis after the tissues had been kept for 24 hours in the incubator at 
37.5°C. revealed that although spontaneous glycogenolysis had taken place in all instances 
the degree varied markedly in the various organs. In the liver glycogen had all but dis- 
appeared, in the heart and tongue it had decreased markedly, but not as strikingly as in 
the liver. The glycogen in the psoas muscle had decreased by only 29%. The figures for 
the diaphragm suggest that it behaved in the same way as the psoas muscle. 

The fat content of the various organs was not determined chemically. Histologically 
and in the case of the liver histochemically the amount of fat appeared to be normal. 


TABLE 3 


POSTMORTEM CHEMICAL STUDIES IN CASE 2 








Auto-Glycogenolysis 





Glycogen Content* 








| et 24 hr. at 37.5°C. 
Organ Content Beigh SNPEke he y eU eee IL LE Ais SR a ck RO. 
cilia Per cent of | Percentof | Percentof | Percent 
wet wt. dry wt. wet wt. | decrease 
Heart 74.50 9.80 38.40 1.68 83 
Tongue — | 6.61 —~ 1.90 | 71 
Psoas 72.70 6.28 23.00 4.49 29 
Biceps — | traces traces 0.33 — 
Diaphragm 76.10 traces | traces 4.22 —_ 
Kidney 81.60 0.39 2542 0.72 | _— 
Liver 72.60 


F312 | 26.00 0.18 97 








* All material for chemical analysis was obtained within 90 min. after death. 


DISCUSSION 


It can be stated that in Case 2 the glycogen deposition and presumably the pathologic 
mechanism which caused it was not limited to the myocardium, but involved many and 
perhaps all other organs and tissues. The postmortem chemical studies and histologic 
investigations bear out this contention. It seems reasonable to assume that in a case such 
as this whatever anomaly was responsible for the abnormal carbohydrate metabolism was 
widespread and most probably common to all tissues. Except for the specialized hepatic 
function of glycogenesis and glycogenolysis, carbohydrate metabolism follows essentially 
one scheme in all tissues of the body including that of the liver itself. 

What was the anomaly in carbohydrate metabolism responsible for the excessive ac- 
cumulation of glycogen in the myocardium and other tissues? It is impossible with the 
evidence on hand to give a definitive answer, but a number of deductions bearing on this 
question can be made. 

‘The results of the dextrose, levulose and galactose tolerance tests are evidence that the 
liver in this case could remove these monosaccharides from the blood and store them as 
glycogen. 

The normal glycemic response after injection of epinephrine was proof of the preserva- 
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tion of the liver’s capacity to break glycogen down to glucose. Further evidence that this 
mechanism was intact was afforded by the almost complete disappearance of glycogen in 
the liver, despite the large amount, in the postmortem experiments of autoglycogenolysis. 

It can be stated therefore that the two main functions of the liver in carbohydrate 
metabolism were preserved in this case. 

Let us consider next that portion of carbohydrate metabolism which is common to all 
tissues. In all normal cells,’ *& 27 glucose, in itself a metabolically inert substance, is 
phosphorylated to glucose-6-phosphate through the catalytic action of hexokinase, an 
enzyme ubiquitously present in all body tissues. From this point it may go one of two 
ways, depending on the needs of the body at the moment. It may be transformed to 
glycogen and stored for future use or it may be broken down by way of the Embden- 
Meyerhof cycle to pyruvate. Four pathways are open for further processing of pyruvic 
acid, depending on the requirements of the cells at the time. It may be transformed into 
fatty acids, it may be changed to lactate and discharged into the blood stream, it may be 
built back into glycogen, or finally it can be further broken down through the tricarboxylic 
acid cycle (Krebs cycle) to give ultimately carbon dioxide and water. 

The following facts make it probable that the carbohydrate pathways from glucose to 
glycogen and from glucose and glycogen to pyruvate and to carbon dioxide and water 
were open: ; 

1. There is good reason to believe that in this case utilization of carbohydrate by the 
body was normal. If glucose is not available (hepatic type of glycogen storage disease) 
or cannot be properly utilized by the tissues (diabetes mellitus), large amounts of fat are 
burned. The absence of increased amounts of ketone bodies and of increased excretion in 
the urine of organic acids in the patient under consideration was strongly against an 
increased combustion of fats. The absence of elevation in total serum lipids and serum 
cholesterol points to the same conclusion. ; 

2. The normal increase in blood lactate after injection of epinephrine in the present 
patient was evidence that muscle glycogen could be broken down at least to the pyruvic 
acid-lactic acid stage, thus exonerating the first half of the carbohydrate cycle. It was 
shown in fact by Cori and collaborators?*-*° that increase in blood lactate which follows 
injection of epinephrine is due to breakdown of muscle glycogen. These observations 
were recently confirmed by Stetten?* ** employing the technic of isotopic tracers. 

3. The possibility of a block in the tricarboxylic acid cycle must be considered. As most 
of the reactions in this cycle have been demonstrated to be reversible in vitro, and even 
the others are probably reversible,’’ it is theoretically possible to conceive of a block here 
leading to an excessive accumulation of glycogen in the cells. If this were true one would 
expect to find evidence pointing towards the combustion of large amounts of fat and the 
accumulation of some intermediate products, such as pyruvate or lactate. The fact is that 
neither was increased. 

4. Auto-glycogenolysis took place in all tissues tested. It was most marked in the liver 
(97%), slightly less complete in the heart (83%), and still less complete and more 
variable in the tongue and skeletal muscles (71%) and (29%). 

The greater breakdown of hepatic glycogen may have been due to the fact that two 
pathways were open to it in the liver, the one to glucose and the other to pyruvic acid 
(Embden-Meyerhof cycle), while in the heart and skeletal muscles only the latter road 
is open. 
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In conclusion it is obvious that a metabolic error leading to excessive accumulation of 
glycogen existed in the patient under consideration and yet all the chemical investigations 
performed gave normal results, with the exception of the postmortem determination of 
glycogen. The tissues in this case were apparently able to break glycogen down normally 
for their own use; the liver could also deliver it to the blood as glucose. Then why the 
excessive accumulation of glycogen? There are two possible éxplanations, but there is 
little evidence to support either. 

It has been suggested* that the polysaccharide formed in these cases may be somewhat 
different from normal glycogen in its chemical structure. If the difference consisted in a 
greater amount of branching and consequent increase in number of end-groups per 
molecule it is conceivable that in the reaction glucose-1-phosphate + maltosidic end- 
group = glycogen + inorganic phosphate, the equilibrium might be altered in favor of 
the formation of glycogen. This reaction is mediated by phosphorylase and the hypothesis 
is in line with what is known of the mechanism and kinetics of action of this enzyme 
from the studies of Cori and collaborators.*?-** 

Another hypothesis is that these individuals are unable to convert the excess carbo- 
hydrate absorbed to fat as ordinary individuals do, thus leading to an excessive deposition 
of glycogen. If this were true one would expect these patients to be thin and poorly 
nourished, as they all are, because their only source of body fat would be dietary fat and 
part of the protein in their diets. 


SUMMARY 


Two cases of glycogen storage disease of the heart occurring in siblings are reported. 
The first patient died at the Babies Hospital in 1922 and the diagnosis was established 
at autopsy. The second patient was admitted in 1948 and died after 33 days in the 
hospital. The family history reveals that the mother of the two patients had eight other 
children, of whom two are suspected of having succumbed to the same condition. 

Detailed clinical, chemical and pathologic studies were carried out on the second 
patient. Numerous chemical determinations were performed both before and after death. 

The pathologic changes were characteristic of those previously described in cases of 
glycogen storage disease of the heart. Despite the name of the disease, the abnormal 
glycogen accumulation and the consequent altered cellular structure were not limited to 
the heart, but were found in many other organs and tissues of the body. 

The chemical data revealed an apparently normal sequence of events in the mechanisms 
for carbohydrate metabolism that could be investigated. It was therefore hypothesized 
that the metabolic error lay in an excessive rate of accumulation of glycogen in the tissues. 
It was suggested that this might be consequent to the formation of a polysaccharide closely 
allied to glycogen, but differing from it in its chemical structure, or to inability of these 
patients to transform carbohydrate to fat. : 
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SPANISH ABSTRACT 


Enfermedad de Von Gierke del corazon. Reporte de dos casos en hermanos con 
estudios quimicos y anatomopatologicos 


El primer caso fallecié en el Babie’s Hospital en el afio 1922 y el diagnostico fue hecho en la 
autopsia. El segundo caso fallecié en el afio 1948 a los 33 dias de admitido al hospital. La historia 
familiar revel6é otros dos hermanos que fallecieron, en los cuales se sospecho la misma enfermedad. 

El segundo caso fué estudiado detalladamente desde el punto de vista clinico, quimico y anatomo- 
patologico. Los cambios patologicos fueron caracteristicos y similares a los descrito en la enfermedad 
de Von Gierke del corazon. La acumulacion abnormal de glucogeno y las alteraciones celulares 
secundarias no se limitaron al coraz6n sino que se observaron en otros organos y tejidos del cuerpo. 

Los estudios quimicos no indicaron alteracion aparente en el metabolismo de los carbohidratos. 
Los autores sugieren la hipotesis que el error metabolico consiste en la acumulacion excesiva de 
glucogeno en los tejidos. Esto ultimo pudiera ser debido a la formacion de un polisacarido similar 
al glucogeno pero diferente en su estructura quimica, 0 quizds a la inabilidad de estos pacientes de 
transformar carbohidratos a grasas. 
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GROWTH AND DEVELOPMENT OF NEGRO INFANTS 
I. Analysis of Birth Weights of 11,818 Newly Born Infants 


By ROLAND B. Scott, M.D., MELVIN E, JENKINS, M.D., 
AND RoBERT P. CRAWFORD, M.D. 
Washington, D.C. 


CCORDING to older reports in the literature,-> the Negro infant in the United 
States is smaller at birth than the white infant and grows more slowly during the 
first year of life. More recent studies*? indicate that there is no significant difference in 
the weight gain of white and Negro infants during the first year of life in comparable 
environmental situations. The older reports on birth weight of Negro infants dealt 
almost entirely with indigent dispensary material. In view of recent knowledge on the 
influence of maternal diet and adequate prenatal care on the general well being of the 
fetus and newborn infant it seems worth while to re-evaluate the birth weight of Negro 
infants. 

The present investigators have analyzed the birth weights* of 11,818 Negro infants 
delivered at Freedmen’s Hospital during the nine year period of 1939 to 1947. Of these 
infants, 10,692 were full term births and the remainder were premature. Economically 
about 50% of these infants could be classified as indigent. The remaining group con- 
sisted of pay patients, many of whom were delivered by private physicians. 


RESULTS 
Sex, Gestation and Birth Weight 


Of the 10,692 full term newborn infants, 5466 (50.7%) were males and 5226 
(49.3%) were females (see table 1). There were 1126 premature infantst (9.5%). The 
premature infants were divided into 596 (52.9%) females and 530 (47.1%) males. 

The average full term birth weight was 3337 gm. The average full term male birth 
weight was 3378 gm. and the female 3269 gm. The male premature infants averaged 
1920 gm., the females 1898 gm. and the average for both sexes was 1905 gm. 

Approximately 20% of the full term infants were distributed in the 3.2 to 3.4 kg. 
weight group (table 2). This group included 19.09% of the males and 20.81% of the 
females. It is interesting to note that 26.27% of the males and 18.67% of the females 
weighed 3.6 kg. or more at birth. 


BiRTH WEIGHT AND RACE 


Table 3 represents a compilation of many of the reports on birth weight by race in 
the literature. The series reported here ranks fifth in birth weight averages among the 
12 reports studied.?»5»8-12 





From the Department of Pediatrics, Howard University Medical School, and the Pediatric Service, 
Freedmen’s Hospital, Washington, D.C. 
(Received for publication Jan. 28, 1950.) 
* All weights were taken immediately after delivery. 
+ Infants weighing less than 2500 gm. 
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TABLE 1 
BirTH WEIGHTS OF NEGRO INFANTS, FREEDMEN’S HOsPITAL 
1939-1947 
(11,818 Newborn Infants) 
Average Birth Wt. l 
— 
Yoctati a \f € | 
Gestation Sex No. ( Stand. | Standard 
Pounds Dev. Gm. Deviation 
Male 5,466 50.7 7.44 .88 3378 400 
Full Term New- Female 5,226 49.3 7.20 .95 3269 431 
born Infants _ - — —— — 
Total 10,692 90.5 7.35 91 3337 414 
of total 
Gestation Sex No. % 
Male 530 47.1 
Premature Infants Female 596 52.9 1 
Total 1,126 9.5 
of total 
TABLE 2 
BigtH WEIGHT DIsTRIBUTION OF 11,818 NEGRO NEWBORN INFANTS 
FREEDMEN’S HosPITAL 
(1939-47) 
Male Female Total 
Wt. in kg. ‘ % Total- 6 % Total- 5 de Oana 
— Male No. Female No 7 Tota 
Less than 2.5 530 8.93 596 10.24 1126 9.50 
2.5 to 2.7 347 5.78 385 6.61 732 6.19 
2.7 t0 2.9 589 9.82 720 12.36 1309 11.08 
2.9 to 3.2 824 13.71 963 16.54 | 1787 15.04 
3.2 to 3.4 1145 19.09 1222 20.81 2367 20.03 
3.4 to 3.6 977 16.26 856 14.70 1833 15.50 
3.6 to 3.9 757 12.62 541 9.29 | 1298 10.90 
3.9 to 4.1 493 8.24 347 SS 850 7.19 
4,1 to 4.3 334 $61 | 192 3.29 | = S38 4.47 
Total 5996 100.00 | 5822 | 100.00 11,818 100.00 
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TABLE 3 
AVERAGE WEIGHT AT BirtH BY RACE 
ae Male Female 
Race Investigator and Yr. | No. of Cases | Birth Wt. | Birth Wt. 
| Reported | . : 
| in Gm. in Gm. 
1. British (Whites) | Robertson 1915 511 | 3609 3436 
2. American Whites (New Haven) | Dunham! 1939 2700:.. | 3457 3340 
3. American (Whites) Bakwin® 1932 1217 | 3390 3251 
4. American (Swedish Stock) | Brenton® 1922 208 | 3378 3277 
5. American (Negro) | Scott (this report) 1948 | 10,692 | 3378 3269 
6. American (German Stock) | Brenton® 1922 102 | 3330 3265 
7. Negro (New York) | Michaelson!® 1943 926 3296 3196 
8. American (Jewish Stock) | Brenton® 1922 | 341 | 3240 3120 
9. African (Natives) | Shaw"! 1933/ 750 | 3179 3107 
10. Chinese | Tso! 1931 1337 3121 2985 
11. American (Negro) | Dunham! 1939 154 | 3102 3003 
12. American (Negro) Bakwin® 1932 187 3100 2916 
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DIsTRIBUTION OF WEIGHT BY YEARS 


In order to obtain some suggestive information on the effect of the economic status 
of the patient on birth weight, the present authors have compiled yearly analyses of birth 
weight for both full term (table 4) and premature (table 5) infants, Average birth 
weights of the full term infants from 1944 to 1947 are suggestively, although not con- 
sistently, higher than the average full term birth weights for the years 1939 to 1943. 


TABLE 4 


YEARLY DISTRIBUTION OF FULL TERM BIRTHS AND BIRTH WEIGHTS 
FREEDMEN’s HosPiTAL 












































1939-1947 
Full Term Males Full Term Females 
— nn ss — - 
| irth W | é Birth Wt. 
Year | Eee tsmarhet Me pi | Total 
a. | | Stand. | | Stand. || No. Stand. Stand. 
pn Sew. Gm. | Hew. 1 Pounds ie. Gm. ee 
| 
1939 | 548 | 7.31| .66| 3319| 300 || 479 | 7.12| 1.21] 3231 | 539 1027 
1940 | 504 | 7.48| .95| 3396| 431 || 467 | 7.14] .90| 3242] 409 1061 
1941} 554 | 7.04) .82| 3196| 372 || 503 | 7.10} .50| 3223| 227 1057 
1942} 619 | 7.50| .94| 3401 | 427 || 576 | 7.22] 1.19] 3279} 540 1195 
1943 | 601 | 7.22) .63| 3279| 286 || 691 | 7.21} 1.10| 3273} 499 1292 
1944 | 678 | 7.62] 1.21 | 3459| 539 || 645 | 7.12} .88| 3232 | 400 1323 
1945 | 751 | 7.55 | .89} 3428 | 404 | 736 | 7.35! .91| 3337) 413 1487 
1946 | S74 | 7.67 | 1.14) 3482] 518 | 602 | 7.42| .92| 3369] 418 1176 
1947 | 547 | 7.64 | .65 | 3469 | 295 || 527 | 7.48| .94]| 3396] 427 1074 
| | i] } 
} | } | | 
Total | 5466 | 7.44 | 88 | 3378 | 400 | 5226 | 7.20} .95| 3269 | 431 || 10,692 
| { | 1 { 














428 R. B. SCOTT, M. E. JENKINS AND R. P. CRAWFORD 


TABLE 5 


YEARLY DISTRIBUTION OF PREMATURE BIRTHS 
FREEDMEN’s HOsPITAL 











(1939-1947) 
Premature— | 
ye. Premature—Males pr acirs Total Incidence % 
1939 | 74 72 | 146 | 12.4 
1940 74 69 | 143 | 11.8 
1941 | 64 72 | 136 | 11.4 
1942 | 54 75 | 129 9.7 
1943 | 58 67 125 8.8 
1944 | 54 62 | 116 | 8.7 
1945 47 59 | 106 | 6.6 
1946 60 61 | 121 10.2 
1947 45 42 104 9.7 
Total | 530 596 1,126 9.5 








There is a trend towards a decreasing incidence of prematurity from 1939 to 1944 (see 
table 5). 

Table 6 is a comparison of the mean birth weights and the District of Columbia per 
capita income by years. In chart 1 the average full term male and female birth weights 
by years together with the per capita income in the District of Columbia by years are 
graphed. The average birth weights during 1944 to 1947 are slightly higher than in the 
previous five years. The per capita income showed a progressive increase during the same 
period. 

DisCUssION 


The birth weight may be influenced by a number of factors. Among the more important 
determinants considered in the past have been sex, heredity, race, as well as age, parity, 
economic status and nutritional condition of the mother. Any condition affecting the birth 
weight may do so by altering the gestation period and fetal growth. 

In practically all recorded series average male birth weights are from 100 to 200 gm. 


TABLE 6 


RELATION OF BIRTH WEIGHT TC INCOME 
{ 


: : 


| District of 
| 











| 
, | Male‘(gm.) | ' | Female (gm.) | | Columbia Per 
Yr. | Birth We. | Stand: Dev. | Birth We. | Stand. Dev. | Capita Income 
| | (dollars) 
ae oe ae 300 a eee 539 | 1031 
140 | 339 ‘| 431 a oe 409 | 1080 
ae 1 Same. 4 372 ee 227 | 1079 
1942 3401. | 427 3279 540 1212 
1943 | 3279 286 273. | 499 | 1296 
ee. a ee ae aes 1309 
1945 | 3428 | 404 | 3337 SS | | 1376 
1946 3482 518 | 3369 | 418 |... 1548 


1947 3469 295 3396 427 1632 
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higher than female birth weights from respective studies. Similarity of birth weights 
within individual families has been noted.’* It is thought that race influences birth 
weight, with Nordics being somewhat heavier than the darker races.? Birth weights tend 
to increase with progressive age and parity of the mother.** 

In general there is a close correlation between the patient's economic status, adequate 
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CuarT 1. Relation of birth weight to income. 


nutrition and good prenatal care. The favorable influence of good prenatal nutrition 
upon the well-being of the fetus and newborn infant has been reported by Ebbs, Scott, 
Tisdall*® and their co-workers. They observed a smaller precentage of miscarriages, still- 
births and premature births as well as a lower infant mortality and morbidity during the 
first six months of life among a group of mothers who received a good diet in contrast to 
a control series on a poor prenatal diet. Burke, Harding and Stuart’® observed a pro- 
gressive increase in birth length and birth weight when additional increments of protein 
were added to maternal diets in their study groups. 

The average birth weight of 3337 gm. for full term infants in the series reported here 
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is considerably higher than that previously reported for Negro infants?»*°:"'7 and ap- 
proaches the average for American white infants. 1 
Bakwin in 1934 demonstrated that the average birth weight of infants from families of 
moderate income was heavier than that of infants from poverty-stricken parents. 
Michaelson’? in 1935-36 found a mean birth weight of 3.3 kg. for male and 3.1 kg. 
for female infants. His subjects were 926 Negro infants from poor families in Harlem. 
Scott and his co-workers’ analyzed the birth weights of 654 Negro infants seen in 
private pediatric practice during the years 1940 to 1947. These infants were from families 











Yr, 1939 1940 1941 1942 1943 19k 1945 1946 1947 
District of Columbia Per Capita Income’? 


U. S. Per Capita Income’? 


CHART 2. Comparison of U. S. and D. C. per capita incomes. 


of moderate income. The mean birth weight was 3.3 kg. for female infants and 3.5 kg. 
for male. 

There is evidence to indicate that economic status of parents may influence the birth 
weight of their offspring to a certain extent. Throughout the period of this study (1939- 
1947), the per capita income in the District of Columbia was consistently higher than 
the general U. S. income at large (chart 2). The local Negro population shared in this 
economic advantage. The relatively high birth weights in this series of Negro infants is 
attributed to a more favorable economic condition prevailing during the period of ob- 
servation. 

Despite these economic advantages the incidence of prematurity remained higher than 
the incidence in the general population. The occurrence of premature births in the series 
(9.5%) is identical with the figure reported for nonwhite infants by Bain, Hubbard and 
Pennell,’* who analyzed 600,000 births (1946). It should be noted, however, that the 
incidence of prematurity in the present authors’ series tended to decline as the per capita 
income in the District of Columbia increased. 


SUMMARY 


This analysis comprises 11,818 Negro newborn infants delivered at Freedmen’s Hos- 
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pital during the period 1939 to 1947. There were 10,692 full term infants and 1126 
premature babies. The incidence of prematurity was 9.5%. The average birth weight for 
full term female infants was 3269 gm. and for males 3378 gm. The combined average 
for full term infants was 3337 gm. 

The relatively higher birth weights for Negro infants observed in this series is attributed 
in a large measure to more favorable economic conditions during the period of observation. 
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SPANISH ABSTRACT 


El Crecimiento y desarrollo en nifios de la Raza Negra. I. Analisis del 
Peso al Nacer en 11,818 recién nacidos 


Este estudio comprendio 11,818 recién nacidos de la raza negra dusante el periodo de 1939-1947. 
Del grupo total, 10,692 nacieron a termino y 1,126 nacieron prematuramente. La incidencia de 
prematuros fue de 9.5%. El promedio de peso al nacer para los nifios de termino fué de 3,269 
gramos para las hembras y 3,378 gramos para los varones. El promedio de peso de los dos sexos 
combinados fue de 3,337 gramos. 

Los autores estiman que este aumento relativo en el peso en los recién nacidos de la raza negra 
observado en esta serie es atribuible en gran parte a las condiciones economicas mas favorables. 


Howard University School of Medicine 











INCUBATOR CARE OF THE PREMATURE INFANT 


Discussion of Optimal Conditions and the Current 
Methods for Their Provision 


By JosEPH Dancis, M.D., AND HuGo M. CarDULLO, M.D. 
New York City 


NE of the major advances in the care of the premature infant has been the control 
O of environmental conditions through the use of incubators. Recently, a wide variety 
of incubators have become available to the pediatrician, but there is little information 
concerning the attributes or deficiencies of the several types. To use an incubator intelli- 
gently, one must first understand the limitations of our knowledge of optimal environ- 
mental conditions; and secondly, it is essential to know the potentialities of the incubator 
to be used. To answer the first, the data available at present in the literature will be 
reviewed. To gain information for the second, the authors have investigated the design 
and performance of several types of incubators now in use in premature units. 

The results obtained with the current models can be considered only temporarily valid, 
because changes are being constantly made in an attempt to improve them. For this reason, 
the differences in design and the way these differences affect performance will be 
emphasized. 

OPTIMAL ENVIRONMENTAL CONDITIONS 


Temperature.—It has long been recognized that premature infants tend to be more 
poikilothermic than term infants, The evidence for this is well presented in Blackfan and 
Yaglou’s classical article.! These authors stress that the smaller premature infants or those 
in poor condition may stabilize their body temperatures around 36.7°C. better than around 
the accepted normal of 37°. Erratic swings of the temperature curve and overheating 
frequently result from attempts to warm them to 37°. As these infants mature and im- 
prove, their temperature gradually rises towards 37° even though the environmental 
temperature is progressively lowered. In order to meet the varying requirements of each 
infant, it should be possible to control the temperature of the incubator anywhere within 
1 or 2° in the range of 23 to 38°C. 

Humidity.—Blackfan and Yaglou studied over a period of years the effect of humidity 
on premature infants. In.an extensive series, they found that infants under 2.3 kg. did 
better in relatively high humidities (65%) than in low humidities (30%). The reverse 
was true in infants over 2.3 kg. This study was carried out in air-conditioned nurseries. 
The effect of humidities higher than 65% was not investigated, because such conditions 
were too distressing to the attendants. The authors state: “Presumably, the optimum 
humidity for premature infants may be higher than 65%; but we have taken this value 
as the upper limit which is practicable—.’’ Of course, this limitation in air-conditioned 
nurseries does not apply to incubators. It would be desirable to investigate the higher 
ranges of humidity. It is possible that these will be found of advantage particularly to 
the smaller infant. 


From the Department of Pediatrics, New York University—-Bellevue Medical Center, New York 
City. 
(Received for publication Jan, 25,1950.) ~ 
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Oxygen.—It is customary in many clinics to administer oxygen routinely and for long 
periods of time to all premature infants. This is done whether or not they manifest 
cyanosis or other evidences of respiratory distress. In support of this procedure, Anderson 
comments: 

“Determinations of the oxygen saturation (of blood) for premature infants show levels 
as low as 88% without visible cyanosis. This may be interpreted as evidence of the 
infant’s need for continuous inhalation of oxygen, without waiting for cyanosis to 
develop.”? 

However, Smith and Kaplan* suggest that low oxygen levels in premature infants may 
be physiologic, similar to their low basal metabolic rates and their low body temperatures. 
Wilson and others* have presented suggestive evidence that the premature infant may 
have a significant amount of anaerobic metabolism and is relatively resistant to deficiencies 
in oxygen. It is of interest to mention at this point the results of the present investigators’ 
oxygen tests on one type of incubator which, until the time of this survey, was widely 
used in New York City. Oxygen concentrations in 9 out of the 10 units examined, while 
in actual operation in premature units, ranged from 24 to 30%! These incubators had 
been in use for several years, and capable clinicians had not observed any adverse effect 
from this inadvertent omission of oxygen therapy. This finding is open to two interpreta- 
tions: either oxygen therapy is not as important in the routine care of premature infants 
as is commonly believed, or the clinical measures of the effectiveness of oxygen therapy 
are very poor. Both interpretations may be true at least in part. 

In another piece of work, Wilson and co-workers® have demonstrated the immediate 
effects of high oxygen concentrations on respiratory rhythm. Premature infants who 
breathed irregularly in room air were supplied with oxygen in concentrations of 80 to 
90%. In a high percentage of cases, this procedure resulted in regular respirations. This 
suggests that the respiratory center of the premature infant exposed to room air functions 
imperfectly because of a relative hypoxia. It must be stressed that the oxygen concentra- 
tions used by Wilson are much higher than the 30 to 50% usually recommended.” ® 
Originally, the upper limit of 50 to 60% oxygen was set for fear of inducing oxygen 
toxicity. However, young animals, including the human, appear to be relatively resistant 
to the toxic action of high pressures of oxygen.’ Chapple has treated infants weighing 
less than 1.3 kg. for periods as long as three weeks with oxygen concentrations never less 
than 85% with no evidence of toxic effect. During this period, the humidity was main- 
tained close to 100%. It has been suggested that high humidities exert a protective effect 
against oxygen toxicity. 


INVESTIGATION OF INCUBATORS 
METHODS 


Forty-six incubators were examined and tested in the course of this study. They were of 6 dif- 
ferent types. The availability of the model and the consistency of results determined how many of 
each make were examined. In all instances, a sufficient number of incubators was examined to feel 
confident that the results to be reported are representative of that particular model. The tested in- 
cubators were in current use in 4 private and 4 municipal hospitals in the city of New York. The 
tests were conducted with the incubators in use under clinical conditions. 

Oxygen analyses were made with either an Air-Shields Oxygen Analyzer or a Beckman Oxygen 
Analyzer. These instruments were checked against each other. The former was standardized against 
room air, and checked against 100% oxygen. The latter was checked against room air. 

The relative humidity was determined with a Serdex Laboratory Hygrometer. A battery of 6 
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hygrometers was kept on hand so that any instrument that deviated from the group was easily noted. 
From time to time, the instruments were checked with a sling psychrometer. 

Temperatures were determined with 2 rapid reading thermometers (Taylor Instrument Co.). 
These checked within 1° F. against each other and against a centigrade thermometer which gave 
accurate readings at 0° C. and 100° C. 


TEMPERATURE 


Heat is usually provided by electricity passing through a resistance, frequently electric 
light bulbs, and is controlled by a thermostat of the bimetallic type. In some incubators, 
blowers are used to circulate the air and provide uniform atmosphere throughout the 
incubator. In less elaborate incubators, radiation and convection are relied upon. This 
latter type is less expensive to construct but it is not quite as effective. In one such model, 
the heating element is placed at the foot of the bassinet. There is a definite difference in 
temperature between the head and foot of the bassinet. The steepness of this gradient 
is determined by the difference between the temperature in the incubator and that in the 
nursery. Under ordinary conditions, the difference between head and foot temperatures 
at mattress level is not greater than 2 or 3°C. In order to circumvent this difficulty, some 
incubators have the heating elements placed under the bassinet, shielded by a deflector. 
A fairly uniform mattress temperature is then obtainable. In another model, three sides 
of the incubator are surrounded by a water jacket. An obvious difficulty with this arrange- 
ment is that the infant is visible only through the top of the incubator. 

In discussing temperature control, it is often overlooked that cooling the infant may be 
equally important in midsummer and in hot climates. Incubators with a forced air circula- 
tion system can lower the temperature effectively by blowing the air over an ice chamber. 
Most incubators that rely on convection currents for circulation are not constructed to 
meet the problem of cooling. The only exception among those studied was the one set 
in a water jacket. 

OXYGEN 


This subject may be considered under two headings: 1. The maximum oxygen con- 
centrations obtainable in the incubator with high oxygen flows (10 1./min.), 2. The cost 
of maintenance of effective oxygen concentrations. Actually, the two features are related 
and are both largely dependent upon the tightness of the chamber into which the oxygen 
is delivered. 

Clinicians have been lulled into a false sense of security by the work of Burgess,* which 
demonstrated that effective oxygen concentrations could be obtained in tents with the top 
open to the air, This was true under the conditions used by Burgess; however, in incu- 
bators, heat convection currents and eddies resulting from the activity of the patient or 
handling by the attendant will rapidly dissipate into the surrounding air oxygen that has 
accumulated because of its slightly greater weight. In an open type incubator (F) (one 
in which the top is only partially closed), oxygen flows as high as 10 |./min. produced 
only slight increases in oxygen concentration. The maximum obtained when samples were 
taken outside of the direct line of flow of oxygen was 28%. 

Leaks, which are much less obvious, may have important effects on oxygen concentra- 
tions. In one convection-type closed incubator (B), the manufacturer had inserted vents 
on one side, at the top and bottom, which could be closed by a metal slide. The instruc- 
tions for ordinary operation were to leave these slides half-way open, Under these condi- 
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tions, oxygen concentrations of about 50% could be obtained only at the expense of 
oxygen flows of 10 1./min. On discussing this point with the manufacturer, it was learned 
that he was contemplating changing the instructions so that both vents would be tightly 
closed. This relatively simple change made possible oxygen concentrations of 50 to 60% 
with only a 4 I. flow. 

In calculating the cost of an incubator (or any oxygen equipment), one often over- 
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CHART 1. Oxygen concentration related to rate of oxygen flow in incubators of 6 different types. 
Those to left and below diagonal may be considered ineffective or inefficient. (Individual incubators 
are identified by subscript numbers. ) 


A and B. Convection type incubators. A has inlet valve which controls proportion of air to oxygen. 
This permits varying oxygen concentration with fixed oxygen flow. Manipulation of valve of As 
produced no change in oxygen concentration. 

B is effective but inefficient when vents are left open. Using same instruments with vents closed 
(b) resulted in more efficient performance. 


looks how rapidly high oxygen flows will add to the expense. A flow of 4 |./min. will 
empty a 220 cubic foot cylinder in a little over 24 hours. Assuming that an incubator is 
in use for eight months each year, this minor adjustment (closing the vents) will save 
approximately 250 cylinders of oxygen—a saving of 50%. Oxygen is sold on a sliding 
scale depending on the location of the hospital and the amount of oxygen used. The price 
ranges from approximately. $1.60 to $3.00 a cylinder. The saving on one incubator in a 
year will therefore range from $400.00 to almost twice that. 
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Chart 1 represents graphically the oxygen concentrations obtained in several types of 
incubators as correlated with oxygen flows. It can be readily seen that many of the incu- 
bators were not producing effective oxygen concentrations. The reason for the poor per- 
formance in the incubator previously mentioned in the discussion on optimal oxygen 
concentrations (D) was a defective circulatory system. Shutting off the motor resulted in 
an immediate rise in oxygen concentration. Superficially, the design of the instrument 
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CuHarT 1 (cont.) C and D. Forced circulation type incubators. C is potentially effective and efficient 
but not all instruments performed at this level. D is ineffective. 


appeared fairly sound, but the deficiency became glaring by simply checking the oxygen 
concentration. In another type of incubator also using a motor for circulation (C), 
excellent oxygen concentrations could be obtained. In some instances (E, F), the design 
of the instrument makes it obvious that it is impossible to obtain adequate oxygen tensions. 
On many occasions, during the course of the study, poor results were obtained in incu- 
bators known to be capable of excellent performance (A, C). The necessary adjustments 
were often minor. It is absolutely essential to check oxygen concentrations periodically to 
avoid ineffective therapy and needless waste. This is a basic principle in all oxygen 
therapy and applies to incubators as well as to oxygen tents. 


HuMIDITY 


The humidity within the incubator is determined largely by the humidity of the gases 
supplied, and by the effectiveness of the humidification apparatus with which most 
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incubators are equipped. Variations in temperature affect the capacity of the atmosphere 
to retain moisture and thus the relative humidity. Cooling air atmosphere (without vary- 
ing the amount of moisture) will in this manner raise the relative humidity and heating 
will lower it. 

In some incubators, the intake valve provides for a mixture of oxygen and air. By 
controlling the ratio of oxygen to air, the oxygen concentration may be varied. In this 
type of incubator, the humidity of the air will affect the humidity in the incubator. How 
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CHART 1 (cont.) E and F. “Open’’ type incubators. E is partially closed type to permit variation of 
humidity, but from standpoint of oxygen it must be considered open. 


significant this effect will be depends on such factors as the ratio of oxygen to air, the rate 
of intake of gases and the efficiency of the humidification apparatus. The “open’’ type 
of incubator will also be affected by room humidity. In steam-heated premature units, 
the humidity of the air may drop as low as 10% during winter months. 

Oxygen, as it issues from the tank, is quite dry. The more rapid the oxygen flow, the 
lower it tends to drive the humidity in the incubator. Oxygen was run at 4 1./min. into 
an incubator and at this level the humidity in the chamber was 65%. With all other 
factors unchanged, the oxygen flow was increased to 10 1./min. and the humidity dropped 
to 58%. At 15 liters, it was 43%. 

Bubbling the oxygen through water is surprisingly effective in humidifying the oxygen. 
In one experiment, oxygen was run at 6 1./min. into a relatively air-tight chamber. The 
humidity dropped in three hours from 43% to 15%. At this point the oxygen was 
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bubbled through the usual type of humidifying bottle containing 180 cc. of water. The 
humidity within the chamber rose to 54% in an hour. The temperature of the chamber 
was the same as the room. Running the oxygen into a warmer chamber, such as an 
incubator, would have the effect of lowering the humidity for the reasons just given. 

In one type of incubator, additional humidity is supplied by placing a water pan over 
the heating element. With this arrangement, it is impossible to vary humidity inde- 
pendently of temperature. In an attempt to improve on this, one incubator has a separate 
heating element to provide humidity. With both these arrangements, it is impossible to 
increase humidity without heating the incubator. This type of humidification would thus 
be least effective in a hot dry climate. Unfortunately, there was no opportunity to check 
these incubators under such conditions. High humidities in the range of 95% can be 
provided only at the risk of excessive heating. Thus, in one experiment using this in- 
cubator, the control was set at 95% humidity. The room temperature was 27°C., the 
room humidity was 52%. The incubator was not designed to maintain oxygen concen- 
trations, and so no oxygen was being administered. Under these: conditions, the incu- 
bator temperature rose to 41°C. as the incubator humidity rose to 90%. During the 
experiment, the main heating element was turned off, so that all heat came from the 
humidification apparatus. 

In the forced air circulation type of incubator, the humidity may be increased by 
circulating and re-circulating the atmosphere over a water chamber. By this means, it 
is possible to raise the humidity as high as 95% without varying the temperature within 
the incubator. By controlling the amount of air that is passed over the humidification 
chamber, the amount of humidity can be varied. 

It is worth mentioning at this time that the wet-bulb thermometers inserted in some 
incubators to measure the humidity are quite inaccurate. As water evaporates from the 
wet-bulb, a humid atmosphere is built up locally, which gives a falsely high reading. In 
this study, this was often 10% higher than the reading obtained with the Serdex; and on 
one occasion it was 20% higher. To avoid this error, air must be circulated rapidly past 
the wet-bulb, more rapidly than is possible in incubators. Or else, the instrument must 
be rapidly rotated, as in the sling psychrometer. 


EFFECT OF OPENING THE TOP OF THE INCUBATOR 


In many incubators the infant can be reached for therapeutic and nursing procedures 
only by opening the top of the incubator. This results in a rapid change of the atmos- 
pheric conditions within the incubator towards room conditions. The magnitude of this 
change depends on the difference between the two environments and upon the air currents 
set up by heat, activity, blowers, etc., which tend to increase diffusion. In a representative 
experiment on a convection type incubator the lid was left open for three minutes. The 
oxygen concentration fell from 62% to 24%. A 4 |./min. oxygen flow was maintained 
throughout. Eleven minutes after the lid was closed, the oxygen concentration had risen 
to 49%. Repeating the experiment with a 10 liter flow produced a more precipitous curve. 
The oxygen concentration fell from 80% to 37% in three minutes, and climbed back to 
72% six minutes after the lid was closed. During both experiments, the manipulation 
within the incubator was minimal. Because of the lag in the instruments used to measure 
temperature and humidity, accurate curves could not be obtained for these factors. How- 
ever, as might be expected, they followed the same trend. When similar experiments were 
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conducted on another model in which nursing procedures could be performed through 
sleeves inserted into side arm-holes, no significant change in oxygen concentration was 
recorded. 


DIsCcUSSION 


Our knowledge concerning the optimal environmental conditions for premature infants 
is obviously limited and requires amplification. Those conditions that are commonly 
quoted as optimal are poorly substantiated by evidence and must be re-evaluated. The 
study of incubators was therefore confined to evaluating the versatility of the different 
makes. The conclusions that can be drawn from this study concerning the potentialities 
of the various types of incubators follow: 

1. The “open-type’’ incubator is incapable of supplying oxygen tensions or humidities 
which are significantly higher than those in the prevailing room atmosphere. Temperature 
regulation is more satisfactory. Theoreticaily this might be influenced by cold drafts; 
however, premature units are usually well protected against such vigorous air currents. 

2. The “‘convection-type” incubator can produce high oxygen concentrations at reason- 
able oxygen flows providing the cabinet is sufficiently airtight. In the incubator with an 
eccentrically placed heating element, the temperature over the bassinet may not be even. 
Under ordinary nursery conditions where the temperature gradient between the interior 
and exterior of the incubator is not great, the differential between the temperatures at the 
head and foot of the bassinet is also not great. Incubators that rely on the heating of water 
for increasing humidity cannot provide high humidities (in the range of 90%) without 
overheating; and obviously cannot increase the humidity at all without some increase in 
temperature. Most incubators of the convection-type make no provision for cooling. This 
can be an important factor in warm-weather areas. 

The advantage gained by this type of unit is that it can be inexpensively produced. 

3. The “forced-circulation-type” incubator can maintain hégh oxygen concentrations 
at low to medium oxygen flows. The temperature is evenly distributed throughout the 
chamber. Relative humidities as high as 95% can be produced without increase in temp- 
erature. By circulating the air over a cooling cabinet, the temperature can be lowered 
5 to 8°C. 

4. Incubators with arm-holes that permit handling the infant without opening the 
cabinet can maintain the atmospheric conditions essentially unchanged during routine 
manipulations. When the top or the side of the incubator must be opened, the incubator 
is temporarily converted into an open-type incubator with a fall towards room conditions 
of temperature, humidity and oxygen concentration. 

5. One of the most important points gained in this study is that the design of an 
instrument allows one to judge only its potentialities, not its performance. The only way 
to evaluate performance is by actual measurements on the particular instrument in ques- 
tion. Thus, in chart 1, which considers oxygen concentrations alone, many instruments 
can be identified which were capable of superior performance but were performing poorly 
at the time of inspection. Frequently only minor adjustments were necessary to improve 
the instrument. It is obvious that incubators require regular checking and servicing. In 
large institutions, the savings in oxygen alone would make it worth while keeping the 
necessary instruments on hand. In smaller hospitals this may be impractical. It should 
be the responsibility of the manufacturer to see that the means are available to keep his 
instruments functioning properly. 
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SUMMARY 


The available data indicating the optimal conditions for premature infants are reviewed. 
The deficiencies in our knowledge are stressed. The designs of incubators now available 
are discussed and their effectiveness in controlling environmental conditions is outlined. 
The necessity of frequent checking and servicing of the incubators to insure proper per- 
formance is emphasized. 
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SPANISH ABSTRACT 


El Cuidado de la Incubadora de Prematuros. Discusion de las 
Condiciones Optimas y Metodos Actuales en Uso 


Los autores hacen una revision de los datos presentes en relacion a las condiciones optimas para 
los nifios prematuros, sefialando las deficiencias de nuestros conocimientos en la materia. Los 
modelos de las incubadoras actuales son discutidos y se indica las medidas efectivas para obtener y 
controlar las condiciones ambientales mas favorables para los prematuros. Se sugiere la necesidad de 
una revision frecuente de las incubadoras a fin de asegurar un trabajo adecuado. 
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ERYTHROBLASTOSIS FETALIS 


II. Prognosis in Relation to History, Maternal Titer 
and Length of Fetal Gestation 


By FRED H. ALLEN, JR., M.D., Louts K. DIAMOND, M.D., 
AND VicToR C. VAUGHAN III, M.D. 
Boston 


N A previously reported survey’ of 539 cases of erythroblastosis fetalis seen in the 

years 1937-1948 at the Children’s Hospital, Boston, and at the Boston Lying-In 
Hospital it was not possible to show statistically a favorable change in mortality in re- 
lation to any therapeutic measure, including transfusions of Rh-negative blood in small 
amounts, the early induction of labor in the sensitized mother, or the use of exchange 
transfusion. 

The present report will give the results of a detailed study of 340 cases of erythro- 
blastosis fetalis seen at the same hospitals in the years 1945-1948. It will be shown that 
certain prenatal and paranatal factors have a high degree of correlation with the favor- 
able or unfavorable outcome of this disease. 

It was shown previously! that the general nature of the clinical material at the Chil- 
dren’s Hospital was greatly altered by the introduction of exchange transfusion late 
in 1946. During the years 1945-1946 patients were admitted only because of clinical 
signs of erythroblastosis fetalis, whereas during 1947 and 1948 the admission of patients 
for the purpose of exchange transfusion was often advised on the basis of serologic tests 
in anticipation of clinical symptoms. At the Boston Lying-In Hospital, on the other hand, 
there has been, during this four year period, a relatively stable body of clinical material 
which represents within limits a cross-section of the problem of erythroblastosis fetalis 
in the community. Accordingly, the authors have drawn very largely on this latter material 
for the conclusions to be presented. Among the factors for which a relationship to prog- 
nosis has been established are maternal history, titer of maternal antibody seen during 
pregnancy, duration of gestation, and certain clinical manifestations in the infant at birth. 
History, titer and gestation will be treated in detail in the present communication. Details 
of the relationship of outcome of erythroblastosis fetalis to clinical manifestations at birth 
will be reported separately.” 

As before,’ the disease in the Rh-positive baby of a sensitized Rh-negative mother is 
considered to have five possible outcomes: (a) recovery without clinical symptoms or 
signs, (b) recovery following an illness of any severity clearly recognizable as erythro- 
blastosis fetalis, (c) death from erythroblastosis fetalis without clinical or pathologic 
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evidence of kernicterus, (d)_ kernicterus, with or without survival, and (e) stillbirth, 
with or without hydrops fetalis. 
MATERNAL HiIsTORY 

Table 1 compares the results in cases of erythroblastosis fetalis at the Boston Lying-In 
Hospital during the period 1945-1948 in three groups of infants: (a) babies of mothers 
who had had no previous child with erythroblastosis fetalis nor any incompatible blood 
transfusion, (b) babies of mothers having had previous affected infants (a few had 
originally been sensitized by transfusion), and (c) first affected infants of mothers 
sensitized by transfusions of Rh-positive blood. Although the numbers involved are 
relatively small, there is seen to be a fairly close agreement between the results in the two 
latter groups. This has been interpreted to mean that blood transfusion does not appear 
to sensitize the Rh-negative woman in a manner essentially different from pregnancy, but 
is a more potent stimulus—in general producing sensitization of a degree attained by the 
average sensitized woman only in her second or later affected pregnancy. 


TAPLE 1 


RELATION OF OUTCOME OF ERYTHROBLASTOSIS FETALIS TO MATERNAL History— 
123 Basres AT Boston. Ly1Nc-1In HospttraL 





No transfusions nor 














: iy Previous baby with fusion; no previous 
previous babies with 
A erythroblastosis baby with 
erythroblastosis : . 
: fetalis erythroblastosis 
fetalis : 
fetalis 
No. % No. % No. % 
No clinical disease 13 28 7 10 y 18 
Recovered 21 46 21 32 2 18 
Died, no kernicterus 3 7 5 8 2 18 
Kernicterus 8 17 6 9 1 9 
Stillborn 1 2 27 41 4 37 
Totals 46 66 11 





Between the groups of babies with and without a previous affected sibling the major 
differences are seen to be the large proportion of infants with no clinical illness (28%) 
where the baby is the first affected offspring of a mother not sensitized by transfusion, 
and the large proportion of stillbirths (41%) in subsequent pregnancies. 

It has already been shown’ that the effect of referral of cases to the Boston Lying-In 
Hospital during the period 1945-1948 was mainly to increase the number of mothers with 
previous affected infants. (Any mother who had her first affected infant in another hos- 
pital has been considered referred.) A tendency to more severe illness in this group has 
been noted,' but the over-all mortality* in live born infants is not significantly different 
from the nonreferred group (p = 0.10). There are included, therefore, in a single category 
for purposes of further analysis the first born infants of mothers sensitized by transfusion, 
and all babies of mothers who have had previous affected children, whether the latter 
mothers were referral cases or not. 





* As before, the term ‘“‘mortality” is used to describe all unfavorable results, including surviving 
babies damaged by kernicterus. 
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Table 2 summarizes the information on the relationship of family history to outcome 
of erythroblastosis fetalis in live born infants. The figures include both live born infants 
at the Boston Lying-In Hospital from 1945-1948 and admissions to the Children’s Hospi- 
tal for 1947-1948, since these two groups of live born infants are roughly comparable and 


TABLE 2 


RELATION OF OUTCOME OF LIVE BORN INFANTS WITH ERYTHROBLASTOSIS FETALIS 
TO MATERNAL History 


(Boston Lying-in Hospital, 1945-1948, and Children’s Medical Center, 1947-1948) 








No previous erythroblastotic | Erythroblastotic baby 











babies or transfusion of and/or transfusion of 
Rh-positive blood Rh-positive blood 
No clinical disease 14 10 
Recovered 91 60 
Died, no kernicterus 10 13 
Kernicterus 14 12 
Totals 129 95 
TABLE 3 


RELATION OF OUTCOME TO EASE OF MATERNAL SENSITIZATION 
(Boston Lying-in Hospital, 1945-1948, Children’s Medical Center, 1947-1948) 











Rh-positive babies before Recovered Died, no kernicterus Kernicterus 
first affected baby* No. % No. % No. % 
0-1} 69 76 9 10 13 14 
2 or more 54 87 3 5 5 8 
Unknown{ 31 6 6 
Totals 154 18 24 
x7=2.3 .10<p<.20§ 





* Omitted are 11 BLi-H cases and 17 C.H. cases in which the mother was sensitized by transfusions. 
t Presumably easier maternal sensitization. 

t In a number of families, typings of previous children were not known. 

§ Columns 2 and 3 were combined in the calculation of x?. 


neither group alone is large enough to allow statistically valid conclusions to be drawn. 
It is seen that in this larger number of cases there is a tendency for fewer recoveries of 
infants in families with previous affected infants, although this tendency is not statistically 
significant (chi-square is 1.8: 0.20>p>0.10). This indicates, it is believed, a much 
greater chance of recovery for live born babies with erythroblastosis fetalis who follow 
the first affected infant in the family than has been generally allowed by such authors as 
Weiner et al.,3 Potter* and Wallerstein.5 

The data in table 3 examine another variable in family history and indicate that erythro- 
blastosis fetalis in a live born infant in a family where the first or second Rh-positive 
infant was affected is likely to be more severe than where there were two or more Rh- 
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positive pregnancies antecedent to maternal sensitization. This seems to indicate that the 
greater the suscepfibility of an Rh-negative woman to sensitization by pregnancy the 
worse the prognosis will be for her infants. 


MATERNAL TITER 
Although it is not possible to make entirely accurate predictions of the outcome of 
erythroblastosis fetalis in any given case on the basis of the observed prenatal titer, table 
TABLE 4 


RELATION OF OUTCOME TO MATERNAL TITER 
(Boston Lying-in Hospital, 1945-1948) 








Highest prepartum No clinical] Died, no 














titer* Nai Recovered iddeeenii. Kernicterus Stillborn 
Less than 1:16 11 5 0 1 2 
1:16 6 8 3 - 2 
1:64 and higher 1 6 4 8 23 
Unknown 4 5 3 5 5 
Totals 22 44 10 15 32 
* Highest titer in bovine albumin. 
TABLE 5 


RELATION OF OUTCOME TO MATERNAL TITER 
(Children’s Hospital, 1945-1948) 





Highest prepartum 





yon Recovered ee ee Kernicterus 
maternal titer* kernicterus 
Less than 1:16 23 0 2 
1:16 51 10 8 
1:64 or higher 41 4 15 
Unknown 47 6 10 





Totals 162 20 35 





* Highest titer in bovine albumin. 


4 indicates that in a general way the outcome is related to the level of maternal antibody 
reached during pregnancy.* These data from the Boston Lying-In Hospital indicate that 
when maternal titer reaches 1:64 there is a greatly increased likelihood of a stillborn 
infant as well as an increased risk of unfavorable outcome in a live born infant, especially 
as regards kernicterus, 

The live born babies of mothers with titers less than 1:16 tended to have a less severe 
illness than those with a maternal titer of 1:16 or higher. Most babies who had no clinical 
disease were to be found among the offspring of mothers whose titers were less than 1:16. 





* For “titer” the authors have taken the highest endpoint seen during pregnancy in serial dilutions 
of maternal serum in a medium of 20% bovine albumin. 
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The examination of maternal titer in the Children’s Hospital cases gives a rather similar 
picture, as seen in table 5. By comparison with results from the Boston Lying-In Hospital, 
the differences are less significant from a statistical standpoint, but a good result is 
generally evident in cases where the titer is less than 1:16, and a titer of 1:64 or higher 
clearly carries a high risk of kernicterus. 


TABLE 6 


RELATION OF OUTCOME TO HisTORY AND MATERNAL TITER 
(Boston Lying-in Hospital, 1945-1948) 








Maternal History 








Highest Prepartum No affected infant; Affected infant and/or 
Titer* not sensitized by sensitized by 
transfusion transfusion 
Less than 1:64 Recovered 22 18 
Died, no kernicterus 1 2 
Kernicterus 0 2 
Stillborn 0 4 
Recovered 8 9 
1:64 or higher Died, no kernicterus 2 2 
Kernicterus Bb 3 
Stillborn 1 22 
Recovered 4 5 
Unknown Died, no kernicterus 0 3 
Kernicterus 3 2 
Stillborn 0 5 
Totals 46 77 





* Highest titer in bovine albumin. 


With the outcome of erythroblastosis fetalis shown to be related both to family history 
of previous affected infants and to level of maternal titer, it seems reasonable to question 
whether history and titer may not be closely related to each other. Table 6 explores this 
relation for the cases at the Boston Lying-In Hospital and shows that the increased likeli- 
hood of a stillbirth after the first affected baby in the family is closely related to the 
presence of a high titer of anti-Rh substance in a subsequent pregnancy. An unfavorable 
outcome in a live born infant may be more closely related to maternal titer than to history, 
since an over-all mortality of 18% is seen in the babies of mothers with low titer and 
previous affected infants (or transfusion of Ri-positive blood) contrasted with a mortality 
of 46% in babies of mothers with high titer and no previous affected infant. 

Table 7 gives the same data for Children’s Hospital material. It is apparent that in 
these babies, all live born, increased risk to second or later affected babies depends more 
on maternal titer than on history. 

It is apparent in data from both hospitals that the first affected pregnancies tend to be 
associated with lower maternal titers than later pregnancies, and that live born infants 
after the first affected in the family show a slight tendency to more severe illness than is 
seen in the first affected baby, even at the same levels of maternal titer. 
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Highest Prepartum 
Titer* 


TABLE 7 
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RELATION OF OUTCOME TO HisTORY AND MATERNAL TITER 


(Children’s Hospital, 1945-1948) 





No affected infant; 
not sensitized by 


Maternal History 
Affected infant and/or 





sensitized by 








transfusion transfusion 

Recovered 18 5 

Less than 1:16 Died, no kernicterus 0 0 
Kernicterus 2 0 

Recovered 32 19 

1:16 Died, no kernicterus 6 4 
Kernicterus 4 + 

Recovered 25 16 

1:64 or higher Died, no kernicterus 2 2 
Kernicterus 7 8 

Recovered 35 12 

Unknown Died, no kernicterus 3 3 
Kernicterus 6 4 

Totals 140 77 








* Highest titer in bovine albumin. 


Tables 8 and 9 indicate that there is no consistent relationship of outcome of erythro- 
blastosis fetalis to type of maternal antibody. The clinical impression is, however, that the 
baby of a mother with high titer is somewhat more likely to be born alive if the antibody 
is apparently* of the saline-active (early immune) type than if it is active only in serum 


or albumin (hyperimmune type). 


TABLE 8 


RELATION OF OUTCOME TO TYPE OF MATERNAL ANTIBODY 


(Boston Lying-in Hospital, 1945-1948) 














Recovered Died i Kernicterus Stillborn 
kernicterus 
Early immune* 12 2 o 5 
Early and hyperimmunef 3 1 1 3 
Hyperimmunet 50 7 9 22 
Unknown 1 0 0 2 
Totals 66 10 15 32 





* Titer as high in saline system as in albumin. 
+ Titer higher in albumin than in saline. 
t Titer in albumin, no saline-active antibodies. 


*It is never possible to be certain on serologic grounds that hyperimmune antibody does not 


coexist with a demonstrated early immune variety. 








} 
} 
| 
| 
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LENGTH OF FETAL GESTATION 


The early induction of labor in the sensitized Rh-negative mother was given an ex- 
tensive trial at the Boston Lying-In Hospital in 1945, 1946 and 1947 in an attempt to 
lessen the severity of illness or to avoid a stillbirth by shortening the period of intra- 
uterine exposure to maternal antibody. In a previous report,’ the authors have indicated 
that while early induction has resulted in a number of infants being born alive who would 
have been stillborn* if pregnancy had continued to term, this saving of stillbirths is ac- 
complished at an increased risk of unfavorable outcome in the live born infant, par- 
ticularly so far as kernicterus is concerned. 

The data from the Boston Lying-In Hospital which relate outcome of erythroblastosis 


TABLE 9 
RELATION OF OUTCOME TO TyPE OF MATERNAL ANTIBODY 
(Children’s Hospital, 1947-1948) 











Recovered Died, no kernicterus Kernicterus 
Early immune* 23 1 1 
Early and hyperimmunet 21 1 
Hyperimmunet 61 12 9 
Unknown 4 0 0 





Totals 109 13 11 








* Titer as high in saline system as in albumin. 
{ Titer higher in albumin than in saline. 
t Titer in albumin, no saline-active antibodies. 


fetalis in live born infants to length of gestation, maternal titer and induction of labor 
were given previously.’ It was seen that most of the fatalities occurred in babies whose 
mothers had a high titer and who were born at less than 38 weeks’ gestation, regardless 
of whether labor was induced. 

The information afforded by the group of cases seen at the Children’s Hospital gives 
strong support to the previously given data. Tables 10 and 11 show the relationship of 
outcome to induction of labor and to gestation in each of the two 2 year periods during 
which the clinical material was relatively homogeneous. It is seen that in the 1945-1946 
period, when 13% of patients were born after labor induced because of maternal sensi- 
tization, an unfavorable outcome is closely related to both induction and shortened period 
of gestation. In the 1947-1948 period, on the other hand, when there was a larger per- 
centage (37%) of induced labors, there was no significant correlation of outcome to 
induction, but there was a significant correlation of bad result with shortened gestation. 
These data indicate that it is much more likely the immaturity brought about by shortened 
gestation which is responsible for the bad results, rather than the original reason for 
induction of labor, such as high maternal titer or unfavorable past history. 


* The trend noted in this analysis to an increased frequency of stillbirth where the mother was 
not induced has not been borne out by further experience. When babies with severe hydrops are in- 
cluded with the stillbirths in each year, there is seen to be no real change with the adoption of a very 
conservative attitude toward induction. 
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The data given previously’ indicate that approximately one quarter of erythroblastotic 
stillbirths will occur after 38 weeks’ gestation, about one third after 37 weeks’, and about 
one third before 32 weeks’ gestation. When labor was induced in about half these 
patients, usually not before 36 or 37 weeks’ gestation, the estimated avoidance of still- 
birth was roughly balanced by the increased hazard of kernicterus in an immature live 
born baby in terms of gross loss of life. However, since a living infant with kernicterus 
is a much more disastrous result than a stillbirth, it is usually preferable to accept the risk 


TABLE 10 


RELATION OF OUTCOME TO INDUCTION AND GESTATION 
(Children’s Hospital, 1945-1946)* 





Gestation Not Induced 


Induced 








Recovered 0 0 
Died, no kernicterus 1 . 0 
Kernicterus 7 1 


Less than 38 wk. 


Recovered 48 
Died, no kernicterus 3 
Kernicterus 13 


38 wk. or more 





Totals 65 





* Data incomplete in 9 cases. 


TABLE 11 
RELATION OF OUTCOME TO INDUCTION AND GESTATION 


(Children’s Hospital, 1947-1948)* 








Gestation 


Induced 


Not induced 





Less than 38 wk. 


Recovered 15 
Died, no kernicterus 


7 
2 


Kernicterus Z 2 


Recovered 
Died, no kernicterus 
Kernicterus 


38 wk. or more 





Totals 





* Data incomplete in 6 cases. 


of late fetal death in a pregnancy allowed to go to term rather than to create conditions 
conducive to kernicterus by early induction of labor. The adoption of a more conservative 
attitude toward induction of labor appears already’ to have brought improved results at 


the Boston Lying-In Hospital. 
DISCUSSION 


The data just presented indicate that the history of a previous affected infant carries 
a poorer prognosis in erythroblastosis fetalis than if there is no such history, However, 
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these findings, like those of Zuelzer, Wheeler and Leonard,® indicate a much better over- 
all outlook than was reported by Potter. Whereas Potter found only nine normal surviv- 
ing infants in a group of 144 Rh-positive infants following the first affected in the 
family, the present investigators have found 28 recoveries in a comparable group of 
infants numbering only 66 (see data in table 1). Moreover, of this group of 28 cases, 
seven are regarded as having no clinical disease by the authors’ criteria. These seven 
infants were the offspring of mothers who produced antibodies in low titer in each of the 
two affected pregnancies, or in certain instances, in each of several (up to seven) affected 
pregnancies in which a favorable result was seen. There is also a degree of variability in 
the response of siblings to maternal sensitization which invalidates any dogmatic state- 
ments regarding the outcome of erythroblastosis fetalis in pregnancies subsequent to the 
first affected in the family. Zuelzer, Wheeler and Leonard have demonstrated the great 
variability seen in families where there are fairly large numbers of affected infants. 
Similar phenomena have been observed in the cases reported here, some of which will 
be the subject of a future report. 

These data concerning the importance of the maternal titer are in accord with the 
published reports of Howard and co-workers,’ Sacks et al.,8 Davidsohn and Stern® and 
Frisch and Jackets.1° However, these reports have not emphasized that titer is closely 
related to the maternal history in prognostic significance, although Howard observed that 
high titer is most important when found early in pregnancy. It seems very likely that early 
high titer indicates the probability of measurable antibody levels during a preceding preg- 
nancy, where perhaps no clinical disease was observed. In any case, it seems clear that the 
major risk of repeated pregnancies in a sensitized woman is the probability that high titers 
of maternal antibodies will be present throughout gestation; where the titer remains low 
during pregnancy the prognosis seems to be relatively favorable. 

These data relating prematurity to unfavorable outcome support the suggestion of 
Vaughan" that immaturity might play a role in the pathogenesis of kernicterus, Zuelzer 
has found the same relationship clearly demonstrable in a group of premature infants 
where the interpretation of the relationship was not complicated, as in the case material 
reported here, by the fact of early induction of labor in sensitized mothers. It is quite 
apparent that the increased mortality in immature babies has in general limited the useful- 
ness of early induction of labor in averting stillbirths late in pregnancy. In view of this 
fact, induction of labor should be reserved for those instances in which the likelihood 
of a stillborn infant is very great, as in the case of mothers with high titers who have had 
previous infants stillborn because of erythroblastosis fetalis. If a previous infant suffered 
from kernicterus, early induction should probably not be done, regardless of other cir- 
cumstances, since, as will be shown,!? kernicterus tends to have a familial character. 

The need for some means of averting kernicterus is evident. Exchange transfusion has 
in the past given disappointing results in this respect,* although its great value in erythro- 
blastosis fetalis and its superiority to other methods of treatment in combating anemia 
due to this disease seems unquestionable. Some of the theoretic considerations pointing 
to possible control of kernicterus will be examined in detail elsewhere’? 

These findings can be summarized in certain generalizations regarding the relation of 
titer and history of the mother to the outcome of erythroblastosis fetalis: 


* Further experience has demonstrated the value of exchange transfusion in prevention of kernic- 
terus, while reaffirming the finding that avoidance of immaturity is very important. 
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First, the outlook is good for recovery of the first Rh-positive infant born to an Rh- 
negative mother after she has become sensitized. Over 80% of such infants can be ex- 
pected to recover, if live born. As many as 30%, whose mothers will in general have titers 
of less than 1:16, may have no illness. The outlook is less good when the maternal titer 
is 1:64 or higher; less than 10% of these will be stillborn, but there is an increased risk 
of kernicterus in a live born infant. The first affected baby of a mother sensitized by 
transfusion of Rh-positive blood has a poorer prognosis than a first affected baby of a 
woman sensitized by pregnancy alone, but at least as good a prognosis as the second 
affected baby of a woman sensitized by pregnancy alone. 

Secondly, by comparison with the prognosis for the first infant with erythroblastosis 
in the family the outlook for a subsequent Rh-positive fetus is considerably worse. In 
this situation, the incidence of stillbirth increases to 40% while the chances for recovery 
of a live born infant are not much altered, since about 75% have recovered. The increased 
risk depends very largely upon the likelihood that the mother will carry a high titer 
throughout pregnancy, instead of developing large amounts of antibodies only late in 
pregnancy. This latter is often the case in first affected pregnancies, but is much less 
common in subsequent pregnancies. 

Maternal history and titer, while they indicate statistical probability should never be 
the sole considerations in advising either the interruption of pregnancy or the avoidance 
of subsequent pregnancies in any individual case. The unpredictable variability in out- 
come allows the physician to maintain an attitude of optimism when pregnancy is already 
established. The statistical probabilities should be objectively explained to the mother, 
but should not be over-emphasized. As a general rule, it is felt that interruption of preg- 
nancy on the basis of an Rh problem alone is to be avoided. The advisability of future 
pregnancies must also be settled on an individual basis. The desire for further children, 
the willingness on the part of the patient to accept an unfavorable result, and the prob- 
able outcome of future pregnancies must be objectively assessed by all concerned in each 
case. Sterilization of a sensitized woman is not recommended on the basis of Rh difficulties 
alone, since progress in this field has been rapid enough to suggest that prevention of 
erythroblastosis fetalis may be possible in the future. 


SUMMARY 


The prognosis of erythroblastosis fetalis has been studied in relation to maternal 
history, maternal titer of Rh antibody, and length of fetal gestation. 

The outlook for recovery of the first Rh-positive infant born to a mother after sensitiza- 
tion to the Rh factor occurs is good. About 30% of such infants have no clinical disease. 
Few are stillborn. 

Subsequent affected babies have a less favorable prognosis. Stillbirths become common 
(about 40%) and are related to the fact that the maternal titer is likely to be high 
throughout a large part of pregnancy. The authors have not seen a general tendency to 
increasing severity of erythroblastosis after the second affected baby. 

The prognosis of erythroblastosis fetalis in live born infants is more closely related to 
maternal titer than to family history of affected infants, with high titers carrying increased 
risk of kernicterus, 

Immaturity in a live born baby with erythroblastosis fetalis carries an increased risk of 
unfavorable outcome, particularly with respect to kernicterus. 
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SPANISH ABSTRACT 


Eritroblastosis fetalis. II. El pronostico en relacicn con la historia materna, la 
concentracion de aglutininas y la duracion del pericdo de gestacion 


Los autores hacen un estudio del pronostico de la eritroblastosis fetalis basado en su relacion 
con la historia materna, la concentracion (titer) de aglutininas materna y la duracion del periodo 
de gestacion. Se indica que el pronostico de los nifios nacidos en el primer embarazo de una madre 
con isoinmunizacion al factor Rh es excelente. Se calcula que alrededor de 30% de estos casos no 
demuestran sintomas clinicos y muy pocos fallecen en el periodo fetal. Los nacimientos subsequentes 
de nifios afectados con la eritroblastosis fetalis tienen un pronostico menos favorables. Alrededor 
de 40% de estos casos fallecen durante el periodo fetal (abortos) posiblemente debido a que la 
concentracion de aglutininas (titer) es muy alta durante gran parte del embarazo. La afeccién no 
fué mas pronunciada en los nifios nacidos después del segundo parte en adelante. 

El pronostico de la eritroblastosis fetalis en nifios que sobreviven esta mas estrechamente re- 
lacionada con la concentracion (titer) de aglutininas materna que con la historia materna. El riesgo 
de kernicterus es grande en aquellos casos que demuestran concentraciones elevadas de aglutininas. 
Prematuros afectados con eritroblastosis fetalis tienen un pronostico incierto, particularmente con 
respecto a la ocurrencia de kernicterus. 


300 Longwood Avenue 





KERNICTERUS 
Etiologic Study Based on an Analysis of 55 Cases 


By Woir W. Zueuzer, M.D., AND Roxie T. MupcGett, M.D. 
Detroit 


ERNICTERUS or staining of certain nuclear masses of the brain with bile pigments 
K is often found at autopsy in newborn infants dead of erythroblastosis fetalis. Al- 
though it has not been clearly shown that the abnormal pigmentation itself can cause 
damage to nerve cells, it is generally believed that kernicterus indicates an injury of the 
central nervous system which is one of the chief mechanisms of death in erythroblastosis 
fetalis and a cause of spasticity, mental retardation and other neurologic sequelae in sur- 
vivors of the disease. 

At present most authors seem to assume that kernicterus occurs only as a specific sequel 
to erythroblastosis fetalis. In the past it has been suggested repeatedly that other condi- 
tions of the newborn period, particularly sepsis! and prematurity, may cause nuclear 
staining but in the absence of methods permitting the exclusion of erythroblastosis fetalis 
in cases of doubtful etiology these suspicions could not be verified. 

With the recognition of the role played by maternal isoimmunization against Rh, 
serologic technics became available which provided an objective reliable method for the 
diagnosis and, ipso facto, the exclusion of erythroblastosis fetalis, defined here as fetal 
disease secondary to maternal isoimmunization against Rh and related substances. An 
antigenic difference between mother and child, usually with respect to factor D (Rhy), the 
presence of immune antibodies of Rh specificity in the maternal serum, and more recently 
the direct demonstration, by means of the Coomb’s test? or other methods,*»* of anti- 
bodies attached to fetal red corpuscles have become the chief diagnostic criteria for eryth- 
roblastosis fetalis. The application of these criteria has given such consistent and clear- 
cut results that negative findings may be considered significant, especially when groups 
of cases rather than single cases are studied. 

It seemed possible therefore to re-examine the evidence regarding the etiology of 
kernicterus in the light of serologic data and to show whether erythroblastosis fetalis 
plays an exclusive or even predominant role in the causation of this condition. A group 
of 55 cases of kernicterus proved at autopsy was studied with respect to serologic findings 
and clinical and pathologic aspects. Although for reasons which will appear shortly, not 
every case could be examined with serologic technics, the data in the remainder were 
sufficiently complete to show the existence of a large group of cases which on serologic 
grounds could not be attributed to erythroblastosis fetalis. This group also differed from 
the patients with erythroblastosis fetalis in its clinical and in certain pathologic aspects. 

Since proof of the nonspecific origin of kernicterus would have far-reaching implica- 
tions not only for the understanding of the pathologic process in erythroblastosis but for 
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the pathologic physiology of the newborn infant in general, these findings will be presented 
in detail. 


MATERIALS AND METHODS 


All but 2 cases of kernicterus encountered in this laboratory since 1940 were included in this 
study, the sole criterion being the presence of grossly visible yellow pigmentation of certain areas 
in the brain sectioned after fixation in formaldehyde. The cases were divided into 2 groups, those in 
which kernicterus was clearly associated with erythroblastosis fetalis as judged by a combination of 
history, clinical findings and serologic tests, and those in which erythroblastosis fetalis seemed to be 
excluded on serologic grounds or was thought to be unlikely for other reasons. 

Group I consisted of 23 cases. In all but 1 case, studied before the advent of Rh but authenti- 
cated by a distinct family history and a typical clinical and pathologic picture, the serologic findings in 
this group were those of erythroblastosis. Not included in this study were 2 cases with clinical 
features indicative of erythroblastosis but lacking a positive family history as well as serologic 
studies. 

Group II consisted of 32 cases which, apart from the common denominator of kernicterus, dif- 
fered from those in Group I with respect to serologic findings and rarely showed clinical features 
suggestive of erythroblastosis. This group was subdivided according to the availability of serologic 
data in each case. Subgroup II A consists of 20 cases in which there was sufficient information about 
fetal and maternal blood groups, Rh types and, usually, antibody determinations to permit a com- 
parison with Group I on serologic as well as clinical grounds. Subgroup II B comprises 12 cases for 
which serologic data were lacking but which in their general features were so similar to the cases 
in Group II A and so dissimilar to those in Group I that their inclusion for purposes of clinical 
analysis appeared justified. 

In every case a complete autopsy had been performed and the brain had been fixed in a 4% solu- 
tion of neutral formaldehyde for 10 days prior to sectioning. All tissues were embedded in paraffin 
and stained in the usual manner. For the demonstration of iron deposits in liver and spleen, 
Gomori’s method was used. 

Cultures were taken at the time of autopsy from the heart's blood, the lungs and occasionally from 
other sites as indicated. 

The. extent of the serologic investigations will be apparent from the tables. The technics used 
changed somewhat with the progress in diagnostic methods during the period covered by the study. 
The blood groups and Rh types of the patients and their parents were determined in the usual man- 
ner. At first only anti-D and anti-C sera were available for Rh testing but subsequently anti-E and 
anti-C sera were used.* Anti-C” and Anti-“Kell’’ sera were not available. The question of the 
patient’s blocd group or Rh type did not arise in many cases of Group II until some time after 
death when on sectioning the brain kernicterus was discovered. In many of these instances routine 
blood grouping and Rh testing with anti-D serum had been carried out but in others no such data 
were available. This difficulty was in part circumvented by determining the antigenic composition 
of the father’s red corpuscles and by testing the mother’s serum for antibodies against a variety of 
cells containing antigens CDE, cd and e, as well as A: and B. 

Whenever possible the infant's blood was examined for free plasma antibodies and for anti- 
bodies adsorbed on erythrocytes by (1) preparing an eluate from the red corpuscles and testing it 
with albumin-suspended erythrocytes and (2) by the Coomb’s test or the “glue” test of Wheeler® 
which has given the present authors dependable results. Again the data in Group II were less com- 
plete than those in Group I because maternal isoimmunization was seldom considered in the diag- 
nosis during life. 

The technics used for the demonstration of immune antibodies in the maternal serum were the 
now well established methods of Wiener,’ Diamond® and others.’ Saline agglutinins and albumin 
(“hyperimmune”) antibodies were tested for and the direct demonstration of the “blocking’’ phe- 
nomenon was attempted. Later the indirect Coomb’s test was added if other methods failed to disclose 
antibodies. In cases of incompatibility between mother and child in regard to blood groups A and B 
and occasionally M and N, the titers of the maternal sera against cells of appropriate type were de- 
termined in saline and in albumin media, occasionally in plasma-albumin mixtures. In a few cases 
Witebsky’s method* of neutralization of the serum by commercial A-B substance followed by titra- 
tion in serum and in albumin was used as well as a standard complement fixation test. 


* The nomenclature of Race and Fisher will be used for Rh antigens throughout this paper. 
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SEROLOGIC DATA 


Group I.—Every patient in Group I had come to autopsy with a definite or at least 
tentative clinical diagnosis of erythroblastosis fetalis; hence adequate studies regarding 
Rh type and antibodies had been made during life. By definition the serologic findings 
in this group of proved cases of erythroblastosis were uniformly indicative of maternal 
isoimmunization. With the exception of a single case in which multiple transfusions of 
Rh-negative blood prior to admission interfered with accurate Rh testing of the infant's 























TABLE 1 
SEROLOGIC FINDINGS IN 43 CAsEs (Groups I AND IIa) 
Group I 
Maternal Sensitized 
Blood Group and Maternal Antibodies a Infant Cells, 
Case Rh Types rae, “Glue,” or Remarks 
Anti-B p 
Tae. 2 Titers Connsb's 
Infant Mother Saline Albumin Blocking Test 
i AD ?d Negative ? ? ? ? 
2 OD Bd Positive ? ? oe ? 
3 OcD Ocd Positive ? ? — ? 
4 BCcD Bd 1:256 ? ? -- ? 
5 OcDE Ocd 1:64 ? ? — ? 
6 ACcDe Acde Negative Positive Positive -- ? 
7 AcdE A CcDee Negative Positive Positive + ? 
8 ACcDe Ocde Positive 1:16 Positive 1:4056 ? 
9 OCcDe Acde Negative 1:64 Positive os ? 
10 AcDe AB cde Negative 1:64 ? ~ ? 
11 Ocde* Ocde 1:256 1:1024 1:128 1:64 ? Father ACDE, 2 siblings ACDI, 
1 sibling O cDE 
12 AcDE Acde Negative 1:256 1:128 - Positive 
13 AcDE Acde 1:16 1:64 Negative Positive 
14 AcDE_ Acde 1:64 1:1024 Negative - Positive 
15 OCcDe Ocde 1:32 1:512 Negative - Negative 
16 OCcDe Ocde 1:256 1:4056 Negative - Positive 
7 ACcde Acde 432 1:1024 1:64 — Positive 
18 BCcdE AcdE 1:8 1:65536 1:128 1:4096 Positive 
19 ACcDe Acde Negative 1:128 1:16 — Positive 
20 ACcDe Acde Negative 1:128 1:4 -- Positive 
21 ACcDe Acde Negative 1:1024 Negative Positive 
22 AcDE Acde Negative 1:256 1:128 - Positive 
23 ACdee Acde 1:2 1:1024 1:64 Positive Father A CCDe, ‘infant plasma 


antibodies 1:128 
Titer of eluate made from infant’s 
cells 1:32 


* Typed after 3 Rh transfusions of Rh-negative blood. 


blood (case 11), antigenic differences between mother and child in the Rh system were 
always demonstrable (table 1). Of the 23 mothers, 22 were Rh negative (cde). In the 
23rd case (case 7) the mother’s phenotype was CDe, that of the infant cdE and maternal 
antibodies of anti-E specificity were found. Among the remaining 22 infants phenotypes 
CDe, cDE, CDE and cDe were represented by 19 cases, Cde by 2 cases and CdE by 1 
case. Since adsorbed antibodies were demonstrated in each of these last 3 cases by means 
of the Coomb’s test, it is likely that the negative reaction of the patients’ cells to anti-D 
serum indicated coating with “blocking antibody.” Confirmation of this assumption by 
retesting was, of course, precluded by the early death of the patients. 

Antibodies of Rh specificity were found in 22 of the 23 maternal sera. The only case 
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(case 1) in which they were not demonstrated was studied at a time when the technic 
was as yet limited to the demonstration of saline agglutinins. That hyperimmune anti- 
bodies would have been found with appropriate tests is virtually beyond doubt since the 
mother had lost three earlier children with the typical features of erythroblastosis fetalis, 
and the patient’s own disease was also characteristic. 

Sensitization of the infants’ red corpuscles was shown by a positive Coomb’s test or 
“glue test” in 11 of the 12 instances in which these tests were made. 

The pattern of the major blood groups of mothers and infants was also characteristic. 
Levine® noted years ago that in cases of erythroblastosis fetalis mother and child usually 
belong to the same blood group or that the child belongs to a group 0 whose cells are 
not affected by the mother’s agglutinins. Among the 22 cases in the present group in 
which both mother’s and infant’s blood group was known, 20 were compatible in the 
A-B-O system in the sense that the infant's blood could be cross matched with the 
mother’s serum. In short, the serologic findings in this group were characteristic in every 
respect of erythroblastosis. ; 

Group II.—The patients in Group II came to autopsy with a variety of diagnoses which 
rarely included erythroblastosis fetalis. Consequently serologic data were often incomplete. 
The postmortem demonstration of kernicterus in these infants was nearly always a surprise. 
Like the clinical picture, the complexion of the serologic findings in these patients 
(table 1) offers a striking contrast to that of Group I. 

Only 1 of 20 mothers examined in Group II A was Rh-negative (cde). In this case 
the infant was Rh-positive (case 28) and was studied intensively during life for evidence 
of maternal isoimmunization. The Coomb’s test on the baby’s cells was negative, and the 
mother’s serum contained no demonstrable antibodies against a variety of cells in- 
cluding the antigens CDE, cde, M or N and those of the father’s cells. The saline, 
albumin and blocking technics, the indirect Coomb’s test using a variety of rabbit sera 
from different sources gave consistently negative results. An eluate made from the in- 
fant’s red corpuscles iikewise failed to show antibody activity. The mother was subse- 
quently studied for evidence of diabetes and a typical diabetic glucose tolerance curve and 
postprandial glycosuria was found. 

In 17 of 20 cases of Group II A in which Rh testing of both mother and infant was 
done, both were Rh-positive as determined by anti-D (Rh,) serum. In two cases the 
infant proved to be Rh-negative. Determinations of the subgroups C, c and E were feasible 
in only 8 infants, 4 of whom showed an antigenic pattern identical with respect to all 3 
factors with that of their mother’s blood. 

The frequency with which mothers and infants in this group of cases were found to 
be compatible as regards factor D argues by itself against maternal isoimmunization by 
Rh substances. Even more significant are the negative results of an intensive search for 
antibodies in the sera of 13 mothers, made regardless of the Rh types of mother or 
child, Each serum was tested against various cells containing the antigens C, D, E and 
cde. The contrast with the uniformly positive findings obtained by the same technician 
with the same technics in the cases of Group I and in the large group of patients with 
erythroblastosis studied in this laboratory over a period of years would seem to preclude 
technical errors or coincidence. 

It must be conceded that in a small percentage of cases sensitization against unusual 
antigens might have gone undetected, but this could hardly apply to the group as a whole. 
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Even if it were assumed that further studies might have disclosed additional differences 
between mother and child with respect to c, E, c, d, e or C", “Kell” or some other more 
recently described antigens, the incidence of maternal sensitization to these factors is'too 
low to account for the large number of cases gathered in this group. According to Molli- 
son’ antibodies against D alone or in combination with antibodies against C or E are 
demonstrable in 95% of cases of erythroblastosis. 

In short, it seems clear that in the vast majority if not all the cases of kernicterus 
grouped under II A, maternal isoimmunization against Rh can be excluded and other 
etiologic factors must be found. 

The question arises whether A-B-O incompatibility, by virtue of a specific immunologic 
mechanism, could be responsible for the development of kernicterus in these patients. 

This possibility may be dismissed at once for 9 of the 17 cases in Group II A in which 
the blood groups of both mother and child were known. In these 9 instances the infant's 
blood group was identical with that of the mother, or of a type not affected by maternal 
anti-A or anti-B agglutinins. This group, in which neither Rh sensitization nor A-B-O 
incompatibility nor unusual maternal antibodies could be demonstrated, forms the core 
of the contention that kernicterus is not a specific sequel to maternal isoimmunization by 
antigens present in fetal erythrocytes. 

The question, however, whether A-B-O sensitization may at times be a cause of kernic- 
terus cannot be so readily answered. Most authors agree on the existence of a syndrome 
resembling erythroblastosis fetalis but attributable to incompatibility of mother and fetus 
with respect to blood groups A and B. In a recent report three cases of kernicterus were 
ascribed to such a mechanism.'° Since heterospecific pregnancies are common and usually 
result in normal offspring, the mere demonstration of incompatibility is obviously inade- 
quate grounds for establishing a causal connection. Unfortunately serologic criteria for 
the recognition of maternal isoimmunization by A or B, capable of producing fetal disease 
are by no means firmly established. 

According to a survey recently made by one of the authors (W. W. Z.), most investi- 
gators consider neither the height of the maternal anti-A or anti-B agglutinin titer nor the 
presence of immune types of anti-A or anti-B antibodies as an adequate basis for the 
diagnosis of ‘“A-B-O erythroblastosis.”” Both elevated titers and immune antibodies are 
commonly found.in normal heterospecific pregnancies.141* The diagnosis is thus usually 
made on clinical and hematologic grounds after exclusion of all other potential causes of 
hemolytic syndromes in the newborn infant. 

Pending further investigations of this problem now in progress in this laboratory, the 
present investigators have been reluctant to draw conclusions regarding the possible role 
of A-B-O erythroblastosis in the eight cases of kernicterus in Group II A in -which in- 
compatibility between mother and fetus were demonstrated. This figure represents an in- 
cidence of 47.5% incompatibility which is substantially higher than the expected incidence 
of 20.9% incompatibility calculated from the gene frequencies p, q and r for A-B and O 
in a comparable population. For purposes of comparison the blood groups of 2,000 con- 
secutive donors of the hospital blood bank were determined showing an incidence of 
45.7% group O, 37.9% group A, 13.0% group B, and 3.4% group AB. Since the donors 
represent largely members of the families and friends of the hospital patients, it was felt 
that such sampling would reflect accurately the distribution of blood groups among pa- 
tients themselves. The significance of the discrepancy between the expected incidence of 
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incompatibility and that found among the 17 cases for which this information was availa- 
ble was subjected to statistical analysis and a value for chi square of 7.036 for one degree 
of freedom was found. This figure is statistically significant but the small size of the 
sample makes it seem unwise to draw conclusions at this time. 

Apart from this finding which must be clarified by the study of a larger case material, 
the clinical and serologic studies furnish no evidence in favor of the assumption that 
maternal isoimmunization might have played a part in the genesis of kernicterus. Even 
if the minimum criteria for the demonstration of significant maternal isoimmunization 
against A or B were accepted, such as an elevation of the saline agglutinin titers or the 
demonstration of immune antibodies, the evidence in this material is entirely negative. 
The titers were usually within the range obtained in this laboratory with the same technics 
in the majority of normal heterospecific pregnancies and postpartum states. A moder- 
ate elevation of saline agglutinin titers to 1:1024 was found in 4 of 8 cases but is com- 
mon in heterospecific pregnancies. No significant discrepancies between saline and al- 
bumin titers were encountered. In three cases titration in plasma failed to indicate im- 
mune antibody. The application of Witebsky’s technic of titration in albumin following 
neutralization of saline agglutinins by addition of A and B specific soluble substances* 
gave negative results in four cases in which it was tried. The Coomb’s test on the blood 
of the infants was invariably negative. 

On the clinical side indications for the effects of maternal isoimmunization on the in- 
fant were likewise lacking. The diagnosis of so-called A-B-O erythroblastosis is usually 
based on a clinical picture resembling ordinary ezythroblastosis and characterized by early 
jaundice, hepato-splenomegaly and hemolytic anemia. The clinical analysis of our case 
material may be anticipated at this point by stressing the fact that the vast majority of 
the patients in Group II did not present such a picture. In fact the clinical findings in 
the eight cases of kernicterus in which A-B-O incompatibility was present were entirely 
similar to those of the other infants in the group whose blood was compatible with that 
of their mothers. The same predisposing factors other than incompatibility seemed to 
operate in both groups. There was therefore no obvious reason to postulate the presence of 
a special factor in some of the patients merely because they were the offspring of hetero- 
specific pregnancy. 

The conclusion seems justified that no definite evidence favoring a causative role of 
maternal isoimmunization against A or B other than a high incidence of heterospecific 
pregnancy has been uncovered in this case material. The authors cannot, of course, exclude 
the occurrence of kernicterus as a result of A-B-O sensitization but suspect that the mechan- 
ism of such a process would prove different from that operating in erythroblastosis fetalis. 
The data suggest at most that A-B-O incompatibility may be one of the predisposing or 
contributory factors in kernicterus. 

In summary it seems evident that neither Rh nor AB sensitization can account for a 
substantial number of cases of kernicterus presented here. Therefore caution is indicated 
in attributing kernicterus to A-B-O sensitization in cases of heterospecific pregnancy, even 
though at present this possibility continues to exist. 


CLINICAL ANALYSIS 


The two groups of cases were compared chiefly with respect to those features which 
may be expected in erythroblastosis fetalis. The findings are summarized in table 2. 
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The patients in Group I conformed to the well known clinical picture of erythroblasto- 
sis fetalis. All but two were Caucasians and none was a first child. A history of the 
disease in siblings was obtained in 10 cases. In two additional instances the mother had 
received tranfusions of Rh-positive blood prior to the last pregnancy. 

By contrast 16 of the 32 or exactly half the patients in Group II were Negroes, 5 were 
first-born children, none of the mothers had received blood transfusions and no typical 
family history was obtained in any case. 

The symptoms and signs in Group I were those expected in erythroblastosis fetalis, 
namely, early jaundice, pallor and usually hepatosplenomegaly. Icterus,or pallor were 
presenting complaints in all cases unless a positive family history or prior knowledge of 
maternal sensitization through serologic tests ied to admission even before symptoms 
developed. : 

In Group II icterus was frequently mild and delayed though it eventually developed 
in all cases. This was to be expected in a group of newborn infants with a high incidence 
of prematurity. In three cases only was icterus noted earlier than 48 hours after birth. 
In four cases the time of onset of icterus was not recorded, a fact suggesting that the symp- 
tom was mild and gradual in appearance. In many instances icterus was first recorded by 
the nurses after the 4th or Sth and as late as the 9th day of life. It was the presenting 
complaint only in four patients. Miscellaneous complaints, chiefly prematurity, diarrhea, 
vomiting, dehydration were the reasons for admission in the remaining 26 cases. Hepato- 
megaly of a degree thought to be significant was found in nine of those infants but a 
palpable spleen was encountered only once. 

This comparison makes it clear why the diagnosis of erythroblastosis fetalis was rarely 
suspected in the patients of Group II and indicate a case material totally different from 
that in Group I. 

The incidence of prematurity in the two groups requires a comment. The large number 
of premature infants (43%) among the patients with erythroblastosis fetalis may seem 
surprising. It must be remembered, however, that only autopsy material was considered 
and that the death rate of erythroblastosis fetalis complicated by prematurity is notoriously 
high. In Group II prematurity was encountered in almost 75% of the cases, a figure which 
is significantly higher than that in Group I and suggests at once a significant relationship 
between prematurity and kernicterus. 

Anemia was the rule in Group I. In 18 of the 23 cases the hemoglobin level on admis- 
sion was below 14 gm./100 cc. and in all patients surviving long enough for further 
studies anemia developed shortly. In 10 cases the anemia was, or shortly became, severe 
with hemoglobin levels falling below 10 gm. and necessitating transfusions. Abnormally 
high numbers of nucleated red cells in the circulating blood, arbitrarily defined as ab- 
solute counts exceeding 2000/cmm., were found in 8 cases. 

Group II was again less thoroughly studied in respect to hematologic findings because 
indications for exhaustive studies were usually lacking. Anemia was present at the time 
of admission in five cases, was not severe in any of these and developed only to a mild 
degree, compatible with any serious illness in a young infant, in three additional patients. 
In 12 patients in whom the initial blood count had shown satisfactory levels subsequent 
determinations were not even made because the clinical picture in no way suggested hemo- 
lytic disease. Erythroblastemia as previously defined was noted only once in Group II. 

As regards the course of the illness outstanding differences were noted. Group I was 
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characterized by progressive icterus, splenomegaly, hepatomegaly and anemia. Death 
usually seemed to occur as the immediate result of respiratory failure heralded by grunt- 
ing, irregular, shallow respirations and cyanosis. The average survival time was 3.4 days. 
Only five patients lived beyond five days after birth. 

It is noteworthy that kernicterus was only observed once in an infant who survived less 
than 48 hours. 

In Group II the symptoms were varied. The predominant picture was that of prema- 
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GraAPH 1. Comparison of Group I (cases of proved erythroblastosis fetalis) with Group II (pre- 
sumably not erythroblastosis fetalis) in regard to survival time. Note that in Group I the majority 
of patients died within less than 5 days after birth; in Group II death in less than 5 days is the 
exception, 


turity or diarrhea, intestinal obstruction, pneumonia or sepsis. Death was often gradual 
and in most cases appeared to be the result of dehydration and the associated disturbances 
of electrolyte balance. Sclerema preceded the end in seven cases, The average survival time 
was 7.0 days, twice that of Group I and 27 of the 32 patients lived longer than five days 
(graph 1). 

Neurologic symptoms would be expected in both groups if it is assumed that kernicterus 
indicates damage to brain tissue. It was therefore somewhat surprising that definite mani- 
festations such as opisthotonus, spasticity or convulsions were recorded in only 7 of the 
23 cases of Group I and in 12 of the 32 patients in Group II. One might attribute the low 
incidence of observed neurologic symptoms in the fatal cases of erythroblastosis fetalis 
to the shortness of the survival period in this group. In Group II with a more gradually 
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progressive course there was more time for the development of such symptoms. It is note- 
worthy that even in this group the majority of the patients failed to give clear-cut clinical 
indications of damage to the central nervous system. 

In summary significant differences between the two groups appeared in regard to color, 
family history, order number of pregnancy represented by the patient, onset of symptoms, 
certain physical signs, laboratory findings and duration of illness (graph 2). Since Group 
II (table 3) represented a heterogenous group the sole common denominator of which 
was the presence of kernicterus at autopsy, variations and overlapping of features with 
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GraPH 2. Comparison of patients with proved erythroblastosis fetalis (Group I) with patients in 
Group II with respect to incidence of certain characteristic features. In this graph a “profile” has been 
constructed from table 3 by arbitrarily assigning the same significance to each of the features enu- 
merated. Note that Group I conforms to pattern expected in erythroblastosis fetalis while group profile 
of cases in Group II differs strikingly from such picture. 


those in Group I was to be expected. Nevertheless when the over-all picture is considered 
the two groups emerge with distinctly different characteristics. 


PATHOLOGIC OBSERVATIONS 


The value of a comparison between the two groups with respect to autopsy findings 
is limited by a number of considerations. In the first place it is the very purpose of this 
paper to show that the same pathologic finding, kernicterus, may be produced by causes 
other than erythroblastosis fetalis. It is therefore logical to expect other pathologic find- 
ings common to both groups. 

Secondly, the number of pathologic changes which may be said to be either constant 
or specific for erythroblastosis fetalis is small and affords a narrow basis for comparison 
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with the case material in Group II. Moreover, some changes are transient and thus af- 
fected by survival time. 

Thirdly, patients in both groups are susceptible to the same complications which must 
influence the pathologic picture and in some cases are likely to be precipitating causes 
of death. 

Lastly, the well known dearth of morphologic changes associated with diarrheal dis- 
ease of young infants and with prematurity is in itself a handicap to classification of case 
material of this sort on the basis of postmortem findings. 

Gross findings other than kernicterus which are commonly encountered in erythroblasto- 
sis fetalis include increase in size of liver and spleen, less commonly the heart, bilirubin 









































TABLE 3 
INCIDENCE OF CERTAIN FEATURES IN 2 GROUPS OF PATIENTS 
Group I ap 
° Total a b 
Bun . % No ei % Me 
23 | 100.0 } 100.0} 32 | 62.5 20 | 37.5'|. 32 
Males 14 | 60.8] 43.7] 14 | 60.0 | 12 | 16.5) 2 
Negroes 3 13.1 50.0 16 2 j}28 4 4.7) 5 
Premature infants 7 30.4 68.7 22 55.0 | 11 7.6.1 2 
Offspring of first pregnancy 0 0.0 15.8 ae ae ~ oe oe, 0.0 
Positive family history of E.F. 11 17.8 0.0 0 | 0.0 0 0 0.0 
Rh-negative mothers 22 95.6 — | — Be} 4 -- — 
Maternal Rh antibodies | 22 | 95.6 —|-— 0.0 | 0 ee 
A-O-B incompatibility 2 9.1 _— _ eee =f = 
| (of 22) | (of 
Presenting complaint icterus or | 17) | 
anemia ee 91.3 12.5 4 10.0 2 M3) 2 
Onset of icterus less than 24 hr. | 16 69.9 x 1 5.0 1 0.0; 0 
Hepatomegaly 17 73.9 9.6 3 15.0 3 0.0! O 
Splenomegaly ee 73.9 3.1 1 5.0 1 | 00] Oo 
Anemia | 19 | 86.3] 25.0] 8 | 300 | 6 | 16.6) 2 
Normoblastemia | 8 | 34.798 62] 2 | 100 | 2 | 00] 0 
Death at <5 days ek. 73.9 6.2 a eres ed ee 

















infarcts in the renal papillae, pulmonary hemorrhage and edema. None of these changes, 
are, of course, specific or diagnostic. 

The spleen was considered significantly enlarged in 18 of the 23 cases of Group I and 
in 3 of 32 cases of Group II (table 4). Extreme degrees of splenomegaly were encountered 
only in Group I and generally this feature was more marked in cases of proved erythro- 
blastosis than in the second group. If the figures of Potter and Adair™* for weight of the 
liver in the newborn infant are used for comparison, this organ was enlarged in only 
10 cases of Group I and in 3 cases of Group II. Again the more marked degrees of en- 
largement were limited to Group I. 

The heart was enlarged by weight in 9 cases of erythroblastosis fetalis and in only 1 
case of the other group. This patient was the offspring of a diabetic mother. 

Bilirubin infarcts, microscopically associated with necrosis and inflammatory infiltra- 
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tions of the renal papillae were found in 7 cases of erythroblastosis fetalis and were 
absent in the entire Group II. 

Pulmonary hemorrhage was encountered in both groups, 11 times in Group I, 13 times 
in Group II. 

Hepatic hemopoiesis is another nonspecific finding common in premature infants, 
offspring of diabetic mothers and infants with various infections and other conditions. 
It is known to be transient and inconstant in erythroblastosis. This finding was marked in 
20 cases or 91% of Group I and in 19 cases or 59.3% in Group II, indicating at most 
a trend. Hemosiderosis of the hepatic parenchyma likewise was more common (though 
by no means constant) in Group I than in Group II, being noted in 70% as against 30%. 
Splenic hemosiderosis of marked degree was found in 85% of the cases in Group I and 
in only 40% of those in Group II. Considering the heterogeneous character of Group II 
and the nonspecific nature of these findings the differences described were surprisingly 
marked. 

The incidence of infections other than mild microscopic omphalitis was somewhat 
higher in Group II than in Group I. A higher number of positive cultures from heart's 
blood was also obtained in the former group. The limitations of the pathologic findings 
apply also to the bacteriologic data. Complicating infections may be expected in any group 
of debilitated newborn infants. In Group I infection, chiefly aspiration pneumonia, was 
demonstrated in 10 cases. 

In Group II a final pathologic diagnosis other than that of kernicterus was not always 
possible. In some instances the autopsy contributed nothing further to the clinical impres- 
sions of prematurity, diarrhea or dehydration. Lesions of the central nervous system apart 
from kernicterus were encountered in 8 patients and consisted of intraventricular or cere- 
bral hemorrhage, dural sinus thrombosis, encephalomalacia and inflammatory changes, 
encephalitis in 1 case, meningitis in 2 cases. In 2 cases maternal diabetes was established 
as the presumptive cause of the patient’s illness and death. In 2 cases atresia of the small 
intestine and in 1 case atresia of the esophagus was found. In 2 instances septicemia 
and meningitis with paracolon bacillus as the offending organism were demonstrated dur- 
ing life and confirmed at autopsy. 

Peritonitis and sepsis was the apparent cause of death in 4 additional patients. Pneu- 
monia was present in 5 additional cases, massive pulmonary hemorrhage in 7 others. In 
some of the remaining cases no significant pathologic changes other than those associated 
with prematurity could be found. Diarrhea was the prominent clinical feature in most 
of these. One case was that of a full term infant in whose blood staphylococcus aureus 
had been found during life. 

In summarizing the pathologic findings in Group II (table 4) one is struck by the 
high incidence of prematurity, of infection, of independent lesions of the central nervous 
system, pulmonary hemorrhage and of diarrheal disease with dehydration. In addition 
the presence of atresias in the gastrointestinal tract and the occurrence of kernicterus in 
two infants born of diabetic mothers is of interest. Although the total number of cases 
is too small for statistical conclusions the incidence of these last two conditions in the 
group is suggestive of a significant relationship. 


CHANGES IN THE BRAIN 


It is essential for the thesis presented here to show that the nature of the changes in 
the brain associated with the finding of kernicterus was the same in the two groups. For 








————A — as 


Biwmsai9}Ieq ‘ALUN EU 








Bayleiq, —_ -aid ‘adeysoway Areuow[ng os 1] “gq + - - - ~ 8°Z rs 6°Le Lz 

BayLlvigg -— Ayunjzeuwaid ‘etwai9}Ieg — ‘dans*H  —+ + - - = et 6s 0°@ 97 
azeyiowasy Areuoul 

-[nd yeooy ‘uoneuidsy B[Nysy [easeqdosa-oayoely, — Ss - + —+ = = 0" L8 Ost Sz 
9q0j Sippy 
Wy3 02 AlazIw Ale 

Bayeig] -uound jo sisoquiomyy «StABIZ $NI9}9],, _ + +++ _ - - 0°9 OFT o’ss 7 

s19y1O poolg stisaiod =6uvajdg = J9Ar'T Agupry ut usajdg Jeary 
syieulsy s3ulputy 19410 stsousvicy [BUuLy OD Some a poy ase 


S9INjIND waz1OUNsOg oneday —s Slsosaptsourapy urqnayig "W3—"I7M 















































- II dnoiy 
4 *SI[BI9J SISOjse[qoIyI AII— Fy 
re Ayunjewoid ‘euape Areuowjng “qq ~- Oo “g + +4 +4 - an zi 18 0°9F 4 
S uonviidse Arvuowjyng “4a - 109 “g + 4 +4 +4 + « ra 10Z SSF 7 
shljeuaipe ‘stytuayds ‘aseyssoway Areuowyng * "ay -- + ++ + de ate at ZZI S'S Iz 
. sQuazue ‘siytyeyduio ‘euowmneug “4 - — ++ +4 +4 a ab #Z +01 S'6F 0z 
loam asvyuowey Aeuowjng “yy = sun, “nyuy "H -- 44 ++ +4 —+ sis $2 Zl S' bP 61 
| vayViq, sijijeyduro ‘etuiasajo¥eq ‘eiuounaud ‘syejuq *4"q Zany 10 “g 1[09 "g + +44 —+ de aa £7 Z61 0S 81 
182 "Y 
v) Bayley eiuie9}9eq ‘A}UN}eUIIIg = “YA 1]09 “g 1JOo *g os ++ +4 - ion ZI 18 O'lF LI 
a aseysoway [einpqng “4A “we}U0D ++ ++ mae ‘sie vidi 8Z 691 S*6F 91 
ie) Ayunjyewaad ‘a8eysowey Areuowjnd yes0g °F - -- +4 +. + + he 87 OFI O'S ST 
a4 aseysoulsy Areuou 
-[nd yy St]s ‘etues9}9¥q ‘stIeyduio ‘uoledsy “Ay sno20903utUa |W ae +44 4. ~ be 91 rel O's +1 
Q stzipeyduro ‘azeys0wey Areuowyng ‘4A “uIe}U0-) +4 —-+ ++ =— pul ze L¥I O's $1 
° Z s3un] ‘sod “sod "3809 “stoul 
Bruasa}9eq ‘azeysOWay AvuOW[NgG “yy ‘Beoo-y ‘ydeis snainy “yds + +++ 0 —+ + or OST JON ZI 
< azeylowsy plouyseie 
faa -qns ‘eruounsud ‘uonjeiidse ‘stqyisutusu [e007T “7 + +44 +4+4 “4. ak gI Ol SOF ll 
a ‘ra -y sw or = = > £1 Sit S'8t ol 
*sod "3809 
N Ayunyeursid ‘etuounsud ‘uonesdse 3435 “yy snainy "ydeis + +4 0 ps + 0z 26 O'LF 6 
5) ; Aquny “sod “3809 
oa -ewiaid ‘syieusipe ‘adeysowey Arvuowyng ‘4"y -- shainy ‘ydeis "yf os 444 + the _ #1 ZOI O'S 8 
sn 
N -tuajds ‘a#eyiowisy [eusIpe [e0j ‘eIuOWIN[Ug = * 4A “wie}UOD —+ —+ _s “a a 8 19 0° FF L 
. wistjosu0ur es ct | a hac | _— + +4 +4. _ ons *Z #01 O° LF 9 . 
3 vtuourneud ‘uoneiidsy *4°q + +44 + + ae 02 SIZ $°zs S 
stsorydauompAy 
ey 3J9] ‘aBeyssOWsYy [e1qeI99 [eseq a hac | -- “dais "way ao ++4 + io +} Il P71 0°6% $ 
azeys 
5 -1owey Areuound [es0j ‘ssaosqe Aivuowjng “4'q + +44 +4 = obs at SSI 0°6F ¢ 
ssaosqe pue aseysowsy AreuowjNg * "yA s3uny 1]09 “g — + ttt +44+=—-+4+ me + ol 0z1 S'6F z 
3 aseys “sod *3809 
-1oway Areuound [eso ‘uonjeitdse untIuODeW snainy “ydejs "yf + + + wise po SZ Ost zis I 
nis Se Bi SIs 819410 Poolq $3489 stsarod uaayds JIAIT Ayesour 4?UPHY Ur uaefdg = saary nn 
sSurputy 1943 ft sage Ne lars ea ai SORE ee sitieaotcl T syoavjur ——— add 
ee i id ad “Ser saany]n waqJ0UN}s0q oneday sisozapisowayy PD aiqnntg waa “POH 
J dnoiy 


(IT GNV J SdNOA)) SASVD SS NI SONIGNI OIOOTOHLV TVILNASSY 
b ATAVL 


466 











Ayunyeweid 








™ BloByewoleydas I 
‘oO -ua yeooy pvaidsapiy ‘syTuozted ‘urnay! jo visany _ —- 
= aveyouray se_NWUIAeI} 
Bayle, -ul ‘Aq Ln} ewaid ‘etulaI9}0Ng _ TOO "g 
X9}109 asvysIOWsY IP] 
Baye] -109 [BUsIPe JO SISOIIINY -NIQUaABIjUI ‘A}LUN}BUIAIg — — 
Aqunjewaid ‘snus _— _ 
AZ0jONa 
PeUTULJa}EpUN Jo style Yyvap jo asned 
vayielqg -ydeous snojyewojnueity TwWO}eUe OU ‘AWLIN}BWIIIG _ *ure}U0,) 
el} ‘TT 
pue ‘sfeusipe cal s Ayunzewesd ‘us0q 
PUP IDAT[ Ul aBeyIOUWIIFY =-MIU JO asvasIp IISBYyIIOWAH _ _— 
Ayunjyeweid 
‘egruoumnsudoysuoig uinunfaf jo visany _— _ 
Ayunjeuwsid ‘aseys snqje 
eviuounsudoysuoig §=-1OWaYy ArBeUOWTNd dAIssEy _— *ydeis 
ajt] Ul aangjno Bluia19}9eq 9[qeqold ,‘stA 
pooyq ‘daijs “Fy aANIsOg -BaZ  sNs9391,, ‘A}LIN}BUIIIg — » —_ 
un 
ssaosqe ansst} pue Aj}IA89 reou 
yjos ‘etuournoudoyouoig = styTuojLIad pur sisdas [oo “gq 9 -O}TIed UT 1]09 “g Yoo *g 
sis 
i ~wio1y} snuls emp ‘sre AyUny 
ND -0199U [eIpmBI0AW [VIO =-Bweid ‘euournsudoysuoIg Sunjui‘dans*y ‘dais "y 
ee Ayunyeursid ‘azyes 
wZ -1oway Areuowyjnd aAlsseyy _ *uIe}U0,) 
St}l19}UI01}sV3 
a Toyeiqg ins DSeysOWY , SIABIZ SNI9}9],, _ "WIe}UOD 
— “Way Je[NI}UIABIUI AWARD [vIU 
ra vayleiqT ‘aseyuowesy Areuowyng suojeg -oyed ul Moo “a 1J09 “g 
un 
x pue A}1A89 yeou 
iy Ayunjeurssd ‘styywo0yeg -OyUad Ul [09 “g 1]09 “g 
"4 - paulwmajapun 
yieap jo asned [enjoy = sHIBZuejoyd ‘snIeydwug Ayunjyeulslg _ 
S1}1197U901}SB3 IIFBYIIO 
Bay Lely “way ‘azeyiowey Areuowjng — "me}U0D 
aseys 
sniyeydwug -1oway Areuowynd daatsseyy _ - 
BlINsOsA[Z puv 
zeZns poojq Zunysey JayOU Ijaqeip 
paezyBazja pey IIYyIOW ‘sI}119}U901}S¥3 JISBY OWA — “me}U0D 
asey1oWsY [e1q 
-3199 dAIsseu ‘A}LIN}BUIIIg — 1JOo *g 
Ayunjyeulsig 
Bayle SIsBjo0938 ArBUOW [Ng Ayunjyewoald ‘etuias9}9eg Bun] ul 1[09 “g 1[Oo “gq 
adey0W9y SIsOquIoIY} 9119309 AVAB) [vou 
Bayi Areuouljnd aatssepy -sau‘AyuNyeusid‘stytuozag =-Oyed UT T]0o “g 109 *g 
avue 
eiuownsudoysuolg 9-049 JO BIsaz}e ‘snaz! INsedg — *wIe}U0D 
stsdas ping jeuids [esq uojo> 
pue stjiZuruau uojoovieg -3199 uojoovled *g = - vied *g 
ajt] Ur aan3pno ; 
pooyq 1109 “g aANISOg Aylinyewaid ‘etwass}eg _ 109 *g 
stytyeydug BIUaI9}0eg _ ‘days "HH 
BlINsODATZ [eIp 
-ueidjsod pue aain> 
900813[0} asoonys BIWOSOIIBUT 
Meqeip pey spoW_ ‘etuownsudoyouoig Jayyow daqeiq _— 1]0o "g 
, a ad esescmenarnns 


! 


oa 
++ + 


+44 


+++ 
+++ 


44 


-+ 
a 


+4 


ae 


09 

OL 

s"¢ 
or 


09 
$°6 
ol 


9°8 


- 
Na Hew © aa se 
= = 


om oc co Somm 


TN 
— 


OL O° et sg 
9¢ ole os 
ts O'lP es 
OF $°0F 7s 
“St a Is 
se "Le os 
+9 s"eh 6F 
9s oz 8F 
08 0°9F LY 
ost O'Lt oF 
+9 0°¢t St 
os 0° et tt 
86 0°9F ft 
78 $"8t (ag 
09 ole It 
SL 0° et OF 
08 0'+F 6f 
“Stour 
86 ION se 
Ltt s"os le 
= set of 
x4 07 s¢ 
zs ose be 
96 s'ts £¢ 
86 0°6t (43 
88 0°6F Te 
79 O'lF or 
TIT 0° 6t 67 
991 O'S 87 








468 WOLF W. ZUELZER AND ROXIE T. MUDGETT 


this purpose the gross distribution of the pigment, the behavior of the pigment after fixa- 
tion and the microscopic appearance of the involved areas were compared. Chemical 
analysis of the pigment would have been desirable to show its identity in either group 
but was not feasible. 

The gross distribution of the pigmented areas was the same in both groups with minor 
variations within each group (graph 3). The areas most commonly involved were the 
cornu ammonis of the hippocampus, the putamen and globus pallidus, the nuclei of pons 
and medulla in the floor of the fourth ventricle, the mesial portions of the thalamus, the 
flocculus and dentate nucleus of the cerebellum and the hypothalamic area, especially the 
corpus Luysi, in this order of frequency. Less often the gray matter of the spinal cord, 
the vermis of the cerebellum, the caudate nucleus and areas of the cerebral cortex or even 
white matter were stained. 

After fixation in formaldehyde the pigment was bright yellow or orange-yellow and 
after exposure to light or alcohol it tended to fade instead of turning green and maintain- 
ing that color indefinitely. There was no difference between the two groups in this respect. 

The microscopic examination showed marked variations in the intensity of morphologic- 
ally demonstrable damage to nerve cells within each group. It was not possible to corre- 
late the gross intensity of yellow staining with histopathologic changes. The predominant 
picture was that of necrobiosis of nerve cells in the affected areas. In such cells the nuclei 
were shrunken, irregular, dense or at times only faintly visible, the cell outline was ir- 
regular, jagged and the cytoplasm was homogeneous, slightly refractile and deeply eosino- 
philic. Not all the cells in a given area presented this appearance, however, nor was every 
area grossly stained in a given brain necessarily affected. 

In 22 of 23 brains available for histologic study in Group I some degree of necrobiosis 
was seen. In Group II the changes were identical though on the whole somewhat less 
outspoken and were distinct in only 22 of the 32 specimens available. Individual instances 
of severe microscopic lesions were found in both groups however. The impression was 
that the pathologic process tended to be milder in some of the cases of Group II, but other- 
wise identical with that seen in Group I. 


DIsCUSSION 


The case material gathered in this study was deliberately selected on the basis of one 
single criterion, that of grossly visible kernicterus. It is doubtful, however, that this criter- 
ion is valid in delineating a special type of lesion. The basic question whether kernicterus 
ranks as a clinicopathologic entity or is merely a gratuitous indicator of damage to brain 
tissue made visible by secondary staining of injured nerve cells with circulating bile pig- 
ments has been debated since the condition was first described but has not been fully 
answered. The weight of experimental and pathologic evidence and the authors’ observa- 
tions favor the second possibility. In that case the staining would depend on the coinci- 
dence of two conditions, injury of nervous tissue and hyperbilirubinemia, rather than on 
a specific process. Thus kernicterus might well be a superficial and even misleading criter- 
ion for the grouping of cases. On the other hand, kernicterus is so widely regarded as a 
specific cause of certain clinical manifestations and as a lethal factor that it seemed a 
logical first step to examine at this time the conditions under which it may occur, regard- 
less of its significance. 

If the serologic, clinical and pathologic observations are valid, it follows that the 
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phenomenon of kernicterus can be produced by etiologic factors other than erythro- 
blastosis fetalis and maternal A-B-O sensitization. This conclusion stands in contradiction 
to several recent opinions. Becker and Vogel** stated that kernicterus is specifically re- 
lated to erythroblastosis fetalis and does not occur in association with other conditions. 
Wiener,’® evidently following the same line of reasoning, proposed a theory of the patho- 
genesis of kernicterus based on the nature of circulating maternal antibody. According to 
this hypothesis, which, however, has not received pathologic confirmation, the develop- 
ment of kernicterus depends on the presence of bivalent antibody which causes intra- 
vascular agglutination with subsequent damage and staining in the affected areas. 

Under the conditions of the present study kernicterus was actually found to be asso- 
ciated with other conditions more often than with erythroblastosis fetalis. The explana- 
tion for this fact seems to lie in part in the practice of performing complete autopsies 
routinely and thus bringing to light clinically “silent” cases which would have been missed 
had the extent of the pathologic examination depended on the presence of symptoms im- 
plicating the central nervous system. Perhaps more significant is the fact that prematurity, 
which seems to be one of the main factors related to kernicterus, is one of the chief causes 
of mortality in this institution. 

The group of cases in which maternal isoimmunization was apparently excluded had 
a seemingly heterogeneous composition. The conditions encountered in these patients were 
prematurity, infections of various kinds, diarrheal disease, congenital atresias of the 
gastrointestinal tract, cerebral and pulmonary hemorrhage and maternal diabetes. In evalu- 
ating the significance of these states it must be kept in mind that some of them are com- 
mon complications or symptoms of other primary diseases of the newborn period. A larger 
case material might well show that their association in some of the 32 cases of Group II 
was coincidental. 

In contrast to the opinion recently expressed by Allen’® and his associates, the present 
authors’ material gave no indication that sex influences the occurrence of kernicterus. In 
both groups of patients the sexes were almost equally represented. 

Prematurity ranked highest among the conditions encountered in Group II, being pres- 
ent in approximately 75% of the cases. Since prematurity in itself is apparently not a 
cause of kernicterus it must be regarded as a predisposing factor. The fact that it looms 
so large in a group of patients characterized by kernicterus should give pause to those who 
advocate premature delivery in cases of erythroblastosis fetalis. These findings suggest 
that brain damage of the same type as in erythroblastosis may be an important cause of 
mental retardation in infants born prematurely. 

The role of infection is more difficult to determine because it may represent a secondary 
complication as shown by its high incidence in Group I in which the primary condition, 
erythroblastosis fetalis, was clearly established. Sepsis, a term which is. used here in a 
generic sense, has been suspected of playing a causative role in kernicterus ever since 
Schmorl gave his classic description of the phenomenon in 1904." The answer to this 
question was delayed as long as erythroblastosis fetalis could not be excluded objectively 
from the diagnosis in any given case. The problem is well illustrated by the experience 
of DeBruyne and van Creveld'® in whose cases clinical and pathologic studies made in 
the pre-Rh era had supported the diagnosis of sepsis, yet in testing the maternal sera 
years later Rh antibodies were found. 

Of previous authors only Parsons seems to have excluded erythroblastosis fetalis in 
two cases of kernicterus by the use of serologic methods.’ Vaughan” stated that he had 
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seen kernicterus in infants with sepsis, but implied that prematurity might be an important 
factor both in these instances and in other cases of kernicterus where sepsis was not pres- 
ent and isoimmunization presumably excluded. Lande concluded from a review of the 
literature that sepsis can cause the lesion.?* 

In the present authors’ case material the evidence for the role of sepsis, though not 
conclusive, was nevertheless impressive, especially in cases in which meningitis, peritonitis, 
massive pneumonia or bacteremia were demonstrated and adequate tests eliminating 
maternal isoimmunization both by Rh and A or B had been performed. 

The difficulties encountered in an appraisal of the role of infection apply equally to 
the significance of diarrheal disease in relation to kernicterus. Again it is hazardous to 
decide from case to case whether the diarrhea represented a primary illness or a com- 
plicating symptom common to many disturbances affecting young infants. The incidence 
of diarrhea in slightly over one third of the patients in Group II suggests, however, that 
at least a predisposing if not a causal relationship exists between this condition and 
kernicterus. 

The possible significance of the less frequently encountered findings such as cerebral 
and pulmonary hemorrhage, atresia of the intestine and maternal diabetes can only be 
established by observation of a larger case material and at the present time their occur- 
rence can only be recorded. 

The pathogenesis of kernicterus has remained uncertain. The peculiar distribution of 
the lesions has not been explained satisfactorily. The experimental studies of Day** sug- 
gest the hypothesis that kernicterus results from the coincidence of nerve cell injury and 
hyperbilirubinemia. This investigator was able to produce localized staining of brain tis- 
sue in rats by irradiation of one cerebral hemisphere with roentgen rays and subsequently 
inducing hyperbilirubinemia by ligation of the common bile duct. The present authors’ 
observations lend further support to this hypothesis and justify additional speculation. 

While it is doubtful whether any of the conditions found by the authors in associa- 
tion with kernicterus can be regarded as direct etiologic factors, the very variety of patho- 
logic states suggests a nonspecific mechanisin. It is plausible to regard the coincidence 
of brain damage and bilirubinemia as the common denominator responsible for nuclear 
staining in an otherwise heterogeneous group of newborn infants. 

Kernicterus appears to be virtually limited to the newborn period, This fact might 
suggest the existence of special mechanisms peculiar to this age group, such as increased 
permeability of the blood-brain barrier, or the presence of a special type of pigment dif- 
fering from ordinary bilirubin. Staining of focal areas of arteriosclerotic softening, com- 
parable to kernicterus of the newborn brain has been described, however, in the brain of 
an adult with obstructive jaundice secondary to adenocarcinoma of the gall bladder,?* in- 
dicating that the phenomenon is not dependent on factors operating solely in the newborn 
infant. 

The newborn period is characterized, however, by a unique predisposition to brain 
damage from the various hazards connected with birth and neonatal adjustments and at 
the same time by a physiologic hyperbilirubinemia which is readily and frequently ac- 
centuated to pathologic degrees by a variety of disease processes. Any condition likely to 
increase the incidence or severity of either of the two components should therefore in- 
crease the likelihood of kernicterus. This may explain the presence of kernicterus in in- 
fants with sepsis, diarrhea and dehydration, conditions apt to be associated with high 
levels of serum bilirubin at a time when any nerve cell injury sustained at birth is still 
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in an acute stage. The high incidence of prematurity in connection with kernicterus 
would be readily understandable in view of the notorious susceptibility of premature 
infants to respiratory failure, cerebral hemorrhage and mechanical birth injury, coupled 
with immaturity of hepatic function leading to earlier and more pronounced bilirubinemia 
than in full term infants. 

It is further noteworthy that kernicterus is rarely if ever observed in infants dying 
within less than 24 to 48 hours after birth, e.g., before the postnatal bilirubinemia has 
reached its peak. On the other hand, histologic changes similar in appearance and dis- 
tribution to those seen in kernicterus were observed not infrequently in the control ma- 
terial of cases in which the brain did not show gross nuclear staining. This was especially 
striking in the case of an infant who had died of erythroblastosis fetalis approximately 
18 hours after birth, but was also encountered in newborn infants with other conditions. 

In the case of erythroblastosis the basis of the hyperbilirubinemia is evident but as in 
the cases associated with maternal diabetes the nature of the cerebral injury remains ob- 
scure. Conceivably anemic anoxia in utero, accentuated during delivery, or direct tissue 
injury involving antigen-antibody reactions may supply the element of brain damage. 
The present observations have no direct bearing on this question. The main purpose of 
this paper was the demonstration of the nonspecific character of kernicterus. 

Cerebral manifestations and sequelae usually associated with and often directly at- 
tributed to kernicterus remain one of the most troublesome and challenging problems 
connected with erythroblastosis fetalis. From these findings it would appear that erythro- 
blastosis fetalis, however, represents only a special situation in which injury to the nervous 
system made visible by kernicterus, is particularly likely to occur and that the same prob- 
lem exists in premature infants and occasionally in full term infants who survive or die 
of other illnesses of the newborn period. The speculation just offered by way of a working 
hypothesis must be tested by further observations until the significant component of the 
lesion is clearly established and its genesis fully understood. If this hypothesis is sub- 
stantiated* the previous theories explaining kernicterus in terms of specific immunologic 
mechanisms must be modified and a new approach to therapy and prophylaxis is needed. 


SUMMARY 


A study of etiologic factors in 55 consecutive cases of kernicterus seen at autopsy dis- 
closed the existence of a large, seemingly heterogeneous group in which erythroblastosis 
fetalis was not a causative factor. 

In 21 cases which had shown the characteristic features of erythroblastosis fetalis as 
regards family history, order number of pregnancy, racial distribution, clinical symptoms, 
hematologic findings and autopsy observations, the distribution of Rh types of mothers 
and infants was typical of erythroblastosis fetalis and maternal isoimmunization against 
Rh was readily demonstrated in 20 instances, the 21st having been studied before adequate 
technics were available. 

By contrast the clinical features were not characteristic of erythroblastosis in a second 
group of 32 patients which also differed from the first by its incidence of first born in- 
fants and by a high percentage of Negroes. In 20 of these 32 case studies of the Rh 


* While the present article was in press, R. Aidin, B. Corner and G. Tovey published in the 
Lancet, June 24, 1950, p. 1153, a paper entitled ‘‘Kernicterus and Prematurity,” in which they arrived 
independently at a full confirmation of the findings presented above. 
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types of mothers and infants had been made, showing only one instance in which the 
combination of Rh-negative mother and Rh-positive infant was present. In no instance 
was it possible to demonstrate maternal Rh antibodies or sensitization of fetal erythro- 
cytes. In the majority of the cases tested mother and infant were compatible in regard to 
blood group A-B-O. The incidence of incompatibility between mother and child in the 
A-B-O system was higher than expected in this group and appeared statistically significant. 
In no instance, however, was it possible to demonstrate unusually high agglutinin titers 
or immune antibodies against A or B in the maternal serum, The over-all clinical picture 
of the A-B-O incompatibility group did not differ from that of the patients with com- 
patible blood groups. A-B-O incompatibility may be a predisposing factor in kernicterus 
but no conclusive evidence for this hypothesis was uncovered by these studies. 

The conclusion was reached that kernicterus does not represent a specific entity. Prema- 
turity, severe infections, diarrheal disease, pulmonary and cerebral hemorrhage and ma- 
ternal diabetes were the chief conditions encountered in those cases of kernicterus in 
which erythroblastosis fetalis was excluded. 
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SPANISH ABSTRACT 
Kernicterus. Estudio etiologico basado en el analisis de 55 casos 


Un estudio de los factores etiologicos encontrados en 55 casos consecutivos de kernicterus 
comprobados con autopsia, demostré la existencia de un grupo grande y seceataies de casos con 
kernicterus no atribuibles a la eritroblastosis fetalis. 

En 21 casos que demostraron los sintomas caracteristicos de la eritroblastosis fetalis referentes a 
la historia materna y numero de embarazos, raza, sintomas clinicos, signos hematologicos y comproba- 
cion anatomopatologica, todos demostraron la distribucion tipica del factor Rh en la madre y el 
nifio. El fenomeno de isoinmunizacion materna contra el factor Rh fué demostrado en todos los 
casos menos uno que fué estudiado antes que las tecnicas serologicas fueran adecuadas. 

En contraste, los sintomas y signos en el segundo grupo de 32 casos con kernicterus no fueron 
tipicos de la eritroblastosis fetalis. En este grupo la incidencia de la enfermedad ocurrié mas 
frecuentemente en nifios del primer embarazo y en nifios de la raza riegra. En 20 casos de este 
grupo, estudios del factor Rh fueron hechos*en la madre y el nifio y solo en una ocasion se 
demostr6 una combinacion de madre Rh negativa y nifio Rh positivo. En ningun caso pudo 
demostrarse la presencia de aglutininas maternas contra el factor Rh. La mayoria de los casos de 
este grupo demostraron tener grupo de sangre compatible (A-B-O). La incidencia de incompatibilidad 
sanguinea del sistema (A-B-O) fué mas alta de lo sospechada y parece ser de significancia estadistica. 
Sin embargo en ninguno de los casos con incompatibilidad sanguinea fué posible demostrar la 
presencia de aglutininas materna contra el grupo de sangre A-B. En general el cuadro clinico 
observado en el grupo con incompatibilidad sanguinea fué similar al obervado en el grupo de 
pacientes con grupo de sangre compatible. La incompatibilidad sanguinea A-B-O puede ser un 
factor predisponente en la etiologia del kernicterus, pero esta hipotesis no pudo ser comprobada 
en este estudio. 

Las condiciones encontradas en los casos de kernicterus en los cuales la eritroblastosis fetalis 
pudo ser excluida fueron; nifios prematuros, infecciones severas, diarreas, hemorragias pulmonares 
y cerebrales, diabetes materna. 

Los autores concluyen que el kernicterus no representa una entidad especifica, Las observaciones 
de este estudio sugieren que el kernicterus es un fenomeno resultante de la coincidencia de una 
injuria inespecifica de ciertas partes del cerebro del recien nacido y la presencia de hiperbili- 
rubinemia. 
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THE PEDIATRICIAN AND THE PUBLIC 
AN OPEN FORUM 


PauLt A. Harper, M.D., Editor 


Statements appearing in this column do not necessarily reflect the opinion of the editor nor are they 
to be interpreted as the official opinion of the Academy. 


This month’s communication is the concluding article of the requested series on “The 
Future of Nursing and Nursing Education.’’ It is written by Miss Mary E. Parker, who 
is Director of Public Health Nursing in the New York State Department of Health. 


THE FUTURE OF NURSING AND NURSING EDUCATION 
By Mary E. Parker, R.N. 


For the past few years, many patients have been unable to secure adequate nursing 
care because there are not enough nurses in the whole world to give it. Unfortunate as 
this is, it has had one salutary effect. It aroused the public, the administrators of institu- 
tions, the physicians and the nurses to the need for doing “something” so that this situa- 
tion will not continue and will not occur again. 

This is very similar to the situation in World War I and immediately following. At 
that time also there was a shortage of nurses, and a committee of outstanding people in 
medicine and nursing sat down to try to find out what was wrong and to make recom- 
mendations to make things right. Out of this in 1923 came the Goldmark Report.* The 
recommendations were excellent and are still good today, but little was done about them. 
Then came the depression, and there were too many nurses for the people who could 
afford to pay for this service. This situation gradually improved until we had reached 
the other extreme, a shortage of nurses due to expansion of nursing service in hospitals 
and public health agencies and the needs of the armed forces. Much criticism was leveled 
at the nursing profession, some of it justified, some of it not justified. As stated pre- 


* Nursing and Nursing Education in the United States, The Committee for the Study of Nursing 
Education, New York, The Macmillan Company, 1923. 
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viously, all of this served to focus attention on this problem and to try to find a solution 
to it. As a result, committees were formed to study the matter and to make reports. Some 
of these reports are excellent and have opened the way for evaluation and discussion even 
if they do not provide the answer. Several experiments on the functions of nurses have 
been undertaken to determine not what nurses are doing, but what they should be doing. 
This has long been needed for the “fatal availability” of nurses has resulted in the assign- 
ment of duties to them that could be done just as well and even better by other personnel 
such as housekeepers and janitors. Under these circumstances, it is small wonder that 
patients did not and do not get enough nursing service. 

It is obvious that there is a need for a new plan for the future in nursing but it must 
be capable of attracting young women to a career in nursing and it must provide adequate 
preparation at a reasonable cost to give good nursing service to the people who need it. 
In addition, it should be built upon a sound structure that will not collapse in times of 
economic stress or war. 


ADMINISTRATION OF SCHOOLS OF NURSING 


Who should conduct schools of nursing? At the moment, this is a subject which has 
aroused a great deal of discussion; some of it based on logic, some on emotion and some, 
unfortunately, on selfish motives. Traditionally, schools of nursing have been located in 
hospitals and most of them still are, although there is an increasing number now in 
colleges and universities. Hospitals, however, exist primarily for the purpose of caring 
for the sick and not for education. On the other hand no one can deny that they are 
essential to any educational program for nurses in that they provide the clinical practice 
needed. The use of service agencies to provide experience only is generally accepted. To 
cite only a few examples, elementary schools provide practice for student teachers ; com- 
munity welfare agencies provide practice for student social workers, and hospitals pro- 
vide practice for medical students. None of these agencies assume responsibility for the 
total education of the student, and more important still they do not depend upon the 
student to give service as hospitals do upon student nurses. 

This does not mean that hospital schools of nursing do not and cannot provide ade- 
quate training, but in order to do so they have to increase their budget to employ more 
gtaduate nurses to give service to patients and not depend on student nurses. Some schools 
have been in the unfortunate position of improving the curriculum but at the expense 
of patient care. When patient care has suffered it has resulted in the oft-heard criticism 
that the nurses are getting too much education. It seems clear that hospitals cannot pro- 
vide good care as well as good education. On the other hand, if hospitals employ graduate 
nurses to give service and do not depend on student nurses, the cost of maintaining the 
hospital increases greatly. It seems, therefore, that the logical place for a school of nurs- 
ing is not in a hospital but in an educational institution with an affiliation with a hospital 
that can provide adequate clinical material for student experience under supervision. 


LOCATION OF. SCHOOLS OF NURSING 


The next question which follows is in what kind of educational institutions should 
nurses be prepared. Before considering this, it is essential to establish the kinds of nurses 
needed. They appear to divide logically into two groups; those who will provide the 
bulk of bedside nursing care in hospitals, clinics and homes, and those who will become 
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instructors, head nurses, and administrators after. sufficient experience in nursing. Ob- 
viously the first group will not require as long a preparation as the second group and 
reference will be made to the short-term course and the long-term course for want of 
more descriptive terms at the present time. 

Exactly how long the short-term course should be can be determined only after ex- 
perimentation. It seems certain that it should be about two years. The study made by the 
Working Party in England* indicates that much of the work of the student nurse in hos- 
pitals is repetition. At the present time, she continues to make beds and give baths and 
treatments over and over again long after she has mastered the art of performing skill- 
fully. If this repetition is removed from the present curriculum it seems quite possible 
that the basic nursing course could be completed in two years. The two year course may 
present difficulties in some states because of the law requirement that a nurse must have 
completed an approved three year course before she is eligible to take the licensing ex- 
amination. This may be overcome by changing the law which is usually a difficult task 
or by providing a year’s internship for which the nurse would be paid a salary equal to 
the amount of service she gives the institution or agency. 

Regardless of the length of the course it should be given in a college or university 
for which college credit will be granted. The course may be given in a two year com- 
munity college or in a junior college. Credits should be transferable so that time will not 
be lost if the graduate later wishes to continue her education and receive the Bachelor's 
degree. At the present time, it takes the graduate of a three year school of nursing ap- 
proximately six years if she wishes to continue her education and receive the Bachelor's 
degree. This is because colleges and universities allow on the average only one year of 
credit for the three year course in nursing. It must be emphasized that all the theory re- 
ceived in a college will be of little value in preparing a good nurse if there are not ade- 
quate clinical facilities available in a hospital equipped to teach. 

Such a program divested of domestic duties, repetition and service obligations and 
carrying college credit should attract a number of young women to this profession who 
now enter other fields. More important still, it should produce a well-prepared nurse who 
can be depended upon to give good nursing care to patients either chronically or acutely 
ill. 

Although there are no two year courses yet in existence, the establishment of one has 
been suggested by several groups. The New York State Department of Health proposed 
this idea in a Plan for Nursing in December 1948 for presentation to the Interdepart- 
mental Health Council of the State. It was also part of the recommendations made by 
the Advisory Committee on Nursing Service to the Council. In addition there is now 
practical consideration of it by some two year colleges so that the next few years should 
show results one way or the other. 

The long-term course is designed for the young woman who wishes to obtain a college 
degree in nursing. This group after adequate experience will be prepared for teaching 
positions, supervision and administration. A comment not infrequently made is that there 
are too many nurses who want to be supervisors and not enough to provide actual nursing 
care. The truth of the matter is that there are not enough nurses prepared to give instruc- 


* Report of the Working Party on The Recruitment and Training of Nurses, London, His 
Majesty’s Stationery Office, 1947. 
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tion and supervision sorely needed in ‘schools of nursing, hospitals and public health 
agencies. 

How long the long-term course should be needs exploration, but it is perhaps some- 
where between four and five years. Although there are several college and university 
schools of nursing in the country, there is great variation among them. Some of them re- 
quire two years of college and superimpose upon this a three year training period in a 
hospital. Others provide an integrated program of instruction during the entire college 
course. There is need for standardization of these courses and need for a critical review 
of the curricula to be certain that nurses are being prepared for the duties they are ex- 
pected to perform. As in the short-term course practice should be provided in a hospital 
set up for teaching. 

Both of these groups would be called professional registered nurses. The distinction 
would be made only by title and, it is hoped, by salary. 


REVISION OF CURRICULUM 


The next factor to be considered is the curriculum content. Obviously, this is a task 
for the experts in this field and the curriculum is under revision at the present time. There 
are, however, certain problems which the administrator of nursing is concerned with on 
the job and a few of these are cited to give some idea of the problem. 

Experience in pediatric nursing is a requirement in all schools and the amount in gen- 
eral is about three months. Yet nurses graduate with very little knowledge about children 
and how they grow and develop because they have been too busy taking care of a disease. 
In the last few years some schools have experienced difficulty in providing enough clinical 
practice in pediatric nursing in general hospitals which would indicate that there is no 
longer the same need and a change is indicated. Valuable experience can be gained in 
nursery schools working and playing with well children. As any nurse knows who has 
worked on pediatric wards, much of the nursing care is not physical. As any public health 
nurse knows she cannot work effectively with mothers and children unless she knows 
about children. To be sure there may not be enough nursery schools to provide this ex- 
perience but rehabilitation hospitals for children with long-term illnesses such as 
rheumatic fever and orthopedic deformities could be developed as a teaching facility. A 
nurse does not have to take care only of acutely ill children to become a good pediatric 
nurse. 

In the past two decades there has been a growing demand for nurses prepared to do 
community nursing in public health agencies. Yet at the present time only five schools of 
nursing in the country have a curriculum designed to prepare nurses in this field when 
they graduate. It is recognized that public health practice is not learned in a hospital but 
prevention of illness should be included as an integral part of each subject covered. In 
addition, student nurses should be given the opportunity to teach patients and their 
families on the wards or in clinics. It may be that the preventive aspects could not be in- 
cluded in the short-term courses but certainly it should be included in the long-term 
course with opportunity for field experience in a public health agency. 

There are many other subjects such as mental health and geriatrics which should also 
be considered in any curriculum revision. It does not seem necessary to explore this mat- 
ter further for it is clear that the duties of nurses have changed because the practice of 
medicine has changed. The education of nurses should be revamped accordingly. A re- 
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view of the present curriculum will show that the nurses’ experience for the most part 
is determined by what is available in the hospital. Any plan to take nurses out of the 
hospital will not be popular or practical as long as the student nurse is depended upon 
for service. 

In addition to the above two groups of nurses, there is need for workers who might 
be called nurses’ aides to perform housekeeping tasks and also simple services for the 
patient who is confined to bed. Often patients require only services such as the prepara- 
tion of meals and assistance in and out of bed. 

Only a short period of training is needed for this group, and perhaps the best place 
to receive this is in a hospital under close supervision. 


DISTRIBUTION OF NURSING SERVICE 


Much of the shortage of nursing personnel has been and still is due to poor distribu- 
tion. Many nurses are spending full time, although not completely occupied, taking care 
of one patient. There is less of this than formerly because nurses now usually work only 
8 hours per day instead of 12 or even 24 as they once did. This, together with the in- 
crease in rates, makes the cost so great that few people can afford this kind of service. 

On the other side there are some patients who need “‘special’’ nursing care desperately. 
Sometimes nurses are not available; other times nurses are available but the cost is so 
high that it is obtained only at a great sacrifice to the patient and his family or it must be 
paid for by a welfare agency. Many hospitals are freed entirely from the cost of all or 
part of nursing care because it is the practice to require patients to pay for this service when 
they are so ill that more than average nursing care is needed. Sometimes the cost of nurs- 
ing care amounts to almost as much or even more than the hospital cost. This is a prob- 
lem for the experts in insurance and hospital administration to solve, but solved it should 
be. 

With the increase in the older population accompanied by an increase in chronic ill- 
ness, many patients can be cared for at home not necessarily by the employment of a 
full-time nurse but by the use of community nursing service provided by a public health 
nurse, a registered nurse or an aide under supervision. The decision as to what kind of 
personnel needed would depend upon the individual situation in the home. 

Any plan for better distribution of nursing service must be worked out jointly by 
physicians, hospitals, community agencies, nurse registries and the nurses themselves if 
it is to be effective. 

This is a discussion on the future of nursing and nursing education and it is obvious 
that no consideration has been given to practical nursing. If nurses are trained in courses 
of approximately two years and four years and if subsidiary workers such as nurses’ aides 
are available, it does not appear necessary nor desirable to make long-range plans to train 
another group of nurses. It should be remembered that the practical nurse no longer con- 
fines her work entirely to homes giving 24 hour service and doing all the housework as 
well as giving nursing care. Today practical nurses also work in hospitals on the same 
schedule as other nurses and receive a salary which closely approaches that of registered 
professional nurses. It has been suggested that a large group of practical nurses be trained 
in vocational schools to take care of the subacutely and chronically ill under the super- 
vision of a registered professional nurse. This plan certainly has merit but would be most 
difficult to control especially in times of emergency. It seems better to guide persons 
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interested in nursing to the short-term course which has many more advantages rather 
than train a large group of nurses who would not be considered professional. In the 
future it is hoped that a nurse will be a nurse just as a physician is a physician with vary- 
ing degrees of experience and advanced training but with a basic level of preparation 
and competence. 

In conclusion, any plan for the future of nursing and nursing education must be based 
on experimentation. It will take many years to bring about any appreciable changes in 
the present pattern of nursing education, If all hospital schools of nursing were to close 
immediately, there would be nothing but chaos. In the meantime the practical nurses 
should remember that they will continue to function in the capacity for which they were 
trained; the graduates of hospital schools of nursing should remember that they will not 
lose their standing as registered professional nurses; and all others should remember 
that girls are not spoiled by higher education. 



























TRENDS 


By JOHN P. HusBarD, M.D., Contributing Editor 


This and subsequent descriptions of events and trends are intended to be unbiased and factual, pre- 
senting both sides of controversial matters so that conclusions may be formed from critical appraisal 
of things as they are. These statements do not necessarily reflect the opinion of the writer nor are 
they to be interpreted as official opinion of the Academy. 


WHO REPORTS FIRST RESULTS OF MASS VACCINATION WITH BCG 


MONTH ago, in this column, we called attention briefly to a mass vaccination pro- 

gram which is being conducted on a global scale. Some of the early results are now 
appearing and carrying far-reaching significance in the universal fight against tuberculo- 
sis. The program began in the spring of 1947 when the Danish Red Cross started a demon- 
stration of mass tuberculin testing and BCG vaccination in several European countries 
as a postwar measure against tuberculosis. A year later the Swedish Red Cross and the 
Norwegian Relief for Europe joined in the work, and in March 1948, the United Nations 
International Children’s Emergency Fund (UNICEF), the Danish Red Cross and its 
Scandinavian associates formed a new organization known as the Joint Enterprise. The 
WHO has given technical assistance to the program through its Expert Committee on 
Tuberculosis and through the Subcommittee on Tuberculin Testing and BCG vaccination. 
In February 1949, the WHO established in Copenhagen a Tuberculosis Research Office 
to study tuberculosis on an international basis with special emphasis on problems con- 
nected with the BCG campaign. Dr. Carroll E. Palmer of the Division of Tuberculosis 
of the U.S.P.H.S. was appointed as Director of the Joint Enterprises.* 

By the end of March 1950, a total of more than 24 million children and adolescents 
in 20 different countries were tuberculin tested and over 11 million of them vaccinated 
with BCG. National Health services and voluntary organizations cooperated under the 
Joint Enterprise in this International Tuberculosis Campaign. In Poland alone over 
5,500,000 persons have been tuberculin tested and over 2,500,000 vaccinated with BCG. 
In Germany the number tested totaled over 4,300,000 and the number vaccinated over 
1,500,000. 

In Czechoslovakia, more than 3,400,000 were tested and more than 2,000,000 vac- 
cinated. Hungary also had over 3 million tested and one million vaccinated. In Yugo- 
slavia, over 2 million were tested and over one million received BCG. Out of 1,320,000 
tested in Finland, nearly 600,000 were vaccinated, Morocco also reported more than a 
million tested and about half of them vaccinated. India, where the campaign is still in 
progress, reported about 850,000 tuberculin tested and over 284,000 vaccinated. 

Austria, Greece, Italy, Egypt, Israel, Lebanon, Syria, Algeria, Tunisia, Ceylon and 
Pakistan are additional countries where the program has already been completed or is still 
underway. More than 200,000 of the Arab refugees have also been tested and 148,000 
vaccinated. The Joint Enterprise is now arranging BCG campaigns in Mexico and Ecua- 
dor. The work may be extended by agreement with various other countries of Asia and 
Latin America. 


* “For a Healthier World,” Division of International Health, Federal Security Agency, Public 
Health Service, 2:3 (June-July), 1950. 
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This vast operation provides a unique opportunity for studying the problems relating 
to tuberculosis on the basis of a sufficiently large number of patients to enable the results 
to be analyzed statistically. Various questions relating to the epidemiology of tuberculosis 
—for example, variation in tuberculin-sensitivity according to districts, climate, race, age, 
and sex—vaccination and its effects, and the efficacy of tuberculin tests may now be in- 
vestigated practically with the aid of data obtained in widely different parts of the world. 

In the June, 1950 issue of the Chronicle of the World Health Organization,* the 
early results of this program are reviewed in a report from which the following is quoted. 
In this report Dr. H. J. Ustvedt, Deputy Director of the Joint Enterprise, points out some 
of the difficulties inherent in subjecting mass vaccination campaigns to strict scientific 
investigation. The time available is short; the training of the medical and nursing staff 
responsible for carrying out the tests and reading the reactions varies; the material in- 
oculated is not always homogeneous; children often fail to appear for re-examination ; 
and information concerning the previous morbidity records of the children is difficult to 
ascertain. In addition to these difficulties, there are biologic factors, such as the different 
tuberculin-sensitivity in different areas, to consider, apart from individual variations 
which cannot always be taken into account. In view of these two groups of variable fac- 
tors it is difficult to regard the present results as absolute. However, it is now possible 
to lay down various valuable practical rules, to define a number of problems requiring 
more thorough experimental investigation, to refute some of the arguments, scientific 
or ‘‘sentimental,”’ and perhaps to overcome certain prejudices. 


TUBERCULIN TESTING 
Pre-vaccination Test 

“The pre-vaccination test with tuberculin is intended to select for vaccination individuals 
who are not yet infected with tubercle bacilli, and to exclude from vaccination allergic 
individuals in whom reinfection might have unpleasant consequences. There is at pres- 
ent, however, no method by which the infected can be distinguished with certainty from 
the non-infected. With each method it is possible that positive reactions will occur in 
non-infected individuals (non-specific reactions) or, on the other hand, that negative 
reactions will be observed in individuals who, in point of fact, are infected. It is necessary, 
therefore, to study various methods of tuberculin-testing and to choose that method which 
will disclose the highest proportion of infected persons, who should not be vaccinated, 
and the highest proportion of non-infected persons who should be vaccinated. The criteria 
for a positive reaction should be chosen so as to satisfy this dual requirement, and it can 
be readily understood that these criteria have been discussed at great length. 

“Instructions have been drawn up by the Joint Enterprise for the guidance of the per- 
sonnel responsible for the various operations. These instructions define, in particular, the 
criteria for a positive reaction which are recognized by the Joint Enterprise. Moderately 
sensitive test methods, which exclude tuberculous persons from vaccination and, as far as 
possible, satisfy the two conditions mentioned above are to be used. 

“The tuberculin test may be carried out in various ways, the principal methods being: 

(a) application of tuberculin ointment under plaster (Moro patch test) ; 

(b) intracutaneous tuberculin injection (Mantoux test) with doses varying from 1 TU 
to 100 TU (1 TU = 0.01 mg.) ; 


* Chronicle of the WHO, 4:179-87 (June) 1950 (Geneva). 
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(c) Pirquet cutaneous test with addition of adrenalin to the tuberculin (AP test). 

“Instructions given by the Joint Enterprise to doctors and nursing staff provide for the 
application of the Moro patch test to children up to 12 years of age. The comparison of 
this test with the Mantoux test with 1 TU or 10 TU was carried out on more than 
24,000 individuals, mainly in Poland, examined by the Joint Enterprise, and the results 
showed that the sensitivity of the patch test seems to correspond fairly closely to that 
of the Mantoux 1 TU; 95% of the individuals reacted to both tests. On the other hand, 
the patch test is sometimes less sensitive than Mantoux 10 TU in the same age group. It be- 
comes less effective than Mantoux 1 TU or 10 TU as the age of the children increases, 
particularly after the age of 12. The possibility of non-specific reactions being elicited 
by the Mantoux test must be considered ; in the case of the children in question, however, 
such reactions are of no great importance. 

“The application of the Mantoux test to children over 12 years raises subsidiary ques- 
tions. What dose of tuberculin should be employed—1 TU, 3 TU, 5 TU, 10 TU, or 
100 TU? This is a complex question because as has been pointed out, tuberculin-sensitivity 
varies in different districts, and all the factors affecting the reaction cannot be taken into 
account, 

“It was decided that, in the Joint Enterprise campaign, two successive tests should be 
made; a dose of 1 TU was used for the first test and, if this was negative, a dose of 10 
TU was used for the second. Other combinations such as 3 TU and 33 TU, 5 TU and 
50 TU, are still being investigated. 

“What are the criteria for a positive reaction? Here again opinions differ. The extent, 
after a certain time interval, of the induration caused by the injection has been selected 
as a criterion, and a reaction which, after 72 hours, shows an induration of 3 mm. to 
4 mm., or more, is said to be positive. 

“The AP test has not yet been generally used in the Joint Enterprise campaigns but, 
elsewhere, the results of tests on 23,000 children have shown that it is as effective as 
Mantoux 10 TU and seems to produce fewer non-specific reactions. Mass-vaccination on 
the basis of a single negative AP test would appear to be justified, and its general employ- 
ment should be considered. 

“The use of diluted BCG vaccine instead of tuberculin for the prevaccination test had 
been advocated in order to simplify the technical procedure by working with one test 
and one reagent. In this connection, however, further studies are required. 


Post-vaccination test (control of vaccinated individuals) 


“The object of the post-vaccination test is to furnish information regarding the degree 
of tuberculin-sensitivity conferred by vaccination, such sensitivity being regarded as an 
index of immunity. This criterion is certainly not absolute, but cutaneous hypersensitivity 
to tuberculo-protein is the only criterion for the assessment of allergy, which is itself the 
only index of immunity obtainable for human beings. Cutaneous hypersensitivity is 
merely one of the aspects of allergy; it may decline or disappear, while the allergy of other 
organs still remains. 

“A specific tuberculin-reaction appearing after BCG vaccination in a non-reactor to the 
same test shortly before vaccination shows that the latter has ‘taken.’ The connection be- 
tween this fact and the increased resistance of the individual is, however, not known. The 
results of about 30,000 post-vaccination reactions examined by the Joint Enterprise have 
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been obtained from Czechoslovakia, Greece, Poland, and Yugoslavia. Most of the studies 
showed a very high proportion of positive reactions—in most cases, the percentage ex- 
ceeded 90% and, in some cases, 99%-100% reactors were disclosed. These results are 
therefore entirely satisfactory from the practical point of view, although lower figures 
(70%) have been recorded in certain groups. It should be noted that post-vaccination tests 
should be carried out by the same methods as the pre-vaccination tests.” 


(To be continued in the October issue of PEDIATRICS.) 
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PUBLIC HEALTH, NURSING AND MEDICAL 
SOCIAL WORK 


Myron E, WEGMAN, M.D., Contributing Editor 


ROLE OF THE PUBLIC HEALTH NURSE IN THE PREVENTION 
OF INFANT MORTALITY 


UBLIC health nursing offers service in the health field to the individual, the family 

and the community. When first started it was confined mainly to the nursing care of 
the sick in their homes but it has now expanded to include the teaching of positive health. 
These activities are carried out with qualified medical guidance and advice. All over the 
world, therefore, public health nurses have many contacts with pediatricians because of 
their special interest in health protection and education. 

Since this function demands experience beyond the standard education of the regis- 
tered nurse, public health nurses, or as they are called in some countries, health visitors, 
should be fully qualified nurses who have in addition received special preparation. This 
preparation should cover the public health aspects of such specific subjects as maternal and 
child health, tuberculosis, venereal diseases, nutrition, school health, problems of chronic 
disease and so forth. In addition to the theory there must be field observation and experi- 
ence so that the nurse has an opportunity to apply her knowledge under supervision. Em- 
phasis on health teaching is of fundamental importance; not only is it necessary to know 
what to teach but the nurse must understand how people learn, and she must know the 
most appropriate technic to make that learning as effective as possible. For example, just 
telling a mother that her child needs vitamin D does not necessarily mean that the mother 
has learned this fact and will put her learning into action by giving the child foods which 
supply vitamin D. There thust be further follow-up either at the nurse’s center or in the 
home with demonstration, if needed, of the foods necessary, the best way to preserve the 
vitamin and the most effective way to administer it to the child. 

The public health nurse must be acutely aware of the social welfare aspects of ill health. 
Health, both physical and mental, and social welfare are very closely related and to con- 
sider the one without the other leaves a great and important gap. To work successfully, 
therefore, the nurse must be familiar with the social agencies of her community and be 
able to work closely with them. 

Public health nurses may render their services either on a ‘‘generalized”’ or ‘‘specialized”’ 
basis. In recent years there has been a steady trend towards the former pattern, under 
which a single nurse has responsibility for all the families and individuals in a certain 
area with regard to all their public health problems, maternal and child health, com- 
municable diseases, tuberculosis, venereal disease, school health, occupational health and 
so on. In a “specialized service” a nurse will work only in one field, tuberculosis for in- 
stance, and will have a much larger geographic area to serve. 

Experience in many countries has shown that the ‘‘generalized’’ service is more effec- 
tive since it avoids unnecessary duplication of several visitors to one home, and thereby 


Adapted from presentation at the Sixth International Congress of Pediatrics, Zurich, July 27, 
1950. 
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eliminates confusion which frequently occurs when instruction is given by more than 
one person. The chief function of the nurse, in whichever type of service she is engaged, 
is the teaching of health. She does this through her contact with individuals in the home, 
in clinic conferences and through group classes. 

In the prevention of infant mortality the nurse has an important role in several specific 
activities. Deaths from prematurity, birth injuries and congenital anomalies can be de- 
creased greatly through good prenatal care. By means of home visiting, group teaching, ° 
or in her conferences at prenatal clinics the nurse is able to emphasize the importance of 
regular medical supervision. She is able to instruct the expectant mother in the many 
details necessary for physical as well as mental preparation for the new baby. These details 
are frequently the very things which cause the most worry and yet the mother considers 
them too trivial to ask the doctor in his busy clinic. Nutrition is most important in the 
prenatal period and it is in this field that the nurse can do very effective teaching through 
group and individual conferences and demonstrations. In carrying out her role in pre- 
natal education the nurse does not supplant the doctor, but rather supplements the advice 
he has to give. 

Careful delivery technic is an important factor in the prevention of birth injuries. In 
countries where there is a great shortage of doctors the majority of babies are delivered in 
the home, with or without the assistance of a midwife who may or may not be trained. In 
such cases the public health nurse should be in a position to give instruction and super- 
vision to the midwives working in her area. Unfortunately in countries where this super- 
vision is most needed there are few, if any, public health nurses. 

A home visit in the immediate neonatal period helps to overcome the frequent early 
difficulties and to get prompt medical attention for anything serious. Areas with facilities 
for the case of the premature infant in hospital or home usually depend on the public 
health nurse as the one to arrange for prompt and proper hospital placement or for de- 
tailed instruction in the intricacies of home care. With the general decline in infant 
mortality prematurity has become relatively more important as’a cause of infant death and 
public health nurses have correspondingly become more concerned with arranging for 
the provision of the superior nursing care so necessary to the premature infant's chances 
of survival. Through her home visits and child health conferences, the nurse advises the 
mother in the care of the child, and in good health practices, which will help to prevent 
respiratory and gastrointestinal infections.* She emphasizes the importance of early 
immunization and encourages the mother to take the child to the doctor for this service. 
The public health nurse teaches the methods of protecting the child from becoming in- 
fected by other persons who may have a communicable disease. 

The nurse is in a position to be of service to both the obstetrician and the pediatrician. 
To the obstetrician she frequently refers expectant mothers who might not seek medical 
supervision until late in pregnancy. She helps to make his teaching more effective by 
actual demonstration to the mother in the home or in the clinic. For the mother who is to 
be delivered at home by the doctor, the public health nurse supervises the preparation for 
the confinement and assists the doctor at the time of delivery. To the pediatrician she 
refers children for immunization and prevention of illness. She refers many cases in the 
early stages of illness which might not otherwise have medical care until much harm 


* Adequate feeding not only means less gastrointestinal disease but also means better resistance 
to any kind of illness. 
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has resulted, The obstetrician and the pediatrician in turn find her ready to follow up 
in the home or school the cases for which public health nursing supervision is needed. 
It is generally agreed that because of many individual and sustained contacts with the 
public the most effective teacher of health in the health agency is the well-qualified nurse. 
It is, of course, not possible to estimate the extent to which the public health nurse con- 

tributes to the reduction in infant mortality, but it is a fact that in those countries where 
public health programs, including public health nursing, are well developed infant mor- 
tality is lower. 

LYLE CREELMAN, R.N., M.A. 

Nursing Consultant, WHO 

Geneva 










































SPECIAL REVIEWS 


JosEPH STOKES, JR., M.D., Editor 


PATHOGENESIS AND ONSET SYMPTOMS OF POLIOMYELITIS 


By HarRoip K. Faber, M.D. 
San Francisco 


Four misconceptions are, I believe, mainly responsible for the considerable confusion 
that undoubtedly prevails over the pathogenesis of poliomyelitis and the significance of 
the initial symptoms. These are: (1) that the experimental disease differs so much from 
the human that application of the results of laboratory investigation is to be distrusted ; 
(2) that the human disease, even during epidemics, is one of low incidence as compared 
with other epidemic diseases such as rubeola and varicella and hence that its com- 
municability is not great; (3) that poliomyelitis has an initial ‘‘systemic’’ or extraneural 
phase before the nervous system becomes infected ;1-* (4) that it is primarily an intestinal, 
or gastrointestinal disease, particularly as regards the portal of entry. 


COMPARISON OF THE EXPERIMENTAL WITH THE HUMAN DISEASE 


Distrust of experimental work in poliomyelitis is largely traceable to earlier misinterpre- 
tations concerning the olfactory route of entry which were due to neglect of a simple 
and essential rule that, before they can be applied to human problems, animal studies 
must conform to and not conflict with the facts and probabilities of the human disease. 
This holds with special force to the modes of infection. Some of the methods commonly 
used in experimental work, such as intracerebral inoculation and flooding of the olfactory 
mucosa with virus suspensions are unlike, while other methods such as inhalation and 
feeding are presumptively comparable to the ordinary conditions of human exposure. 
Even traumatic introduction of virus, so much used in animal work, may properly be 
compared with the occasional instances in which human poliomyelitis follows accidental®:® 
or other trauma. Finally, it has been shown’ that asymptomatic infection may be acquired 
from casual contact exposures in the animal room, thus affording an interesting and valid 
parallel to the human case. 

Regarding the distinction that has been made between so-called “passage,” or ‘‘monkey- 
ized,” and so-called “human” strains of virus,*-'' I seriously question whether it is of 
practical significance; whether, in other words, important qualitative changes other than 
a limited rise or decline in virulence result from passage of strains through animals of the 
same species. * 


From the Department of Pediatrics, Stanford University School of Medicine, San Francisco. 

Read as part of the Panel Discussion on Poliomyelitis at the Annual Meeting of the ‘American 
Academy of Pediatrics, San Francisco, Nov. 14, 1949. 

Aided by a grant from the National Foundation for Infantile Paralysis. 

(Received for publication Nov. 14, 1950.) 

* There are at least three” immunologically different types of poliomyelitis virus which do not 
afford cross protection one to another. There are also some differences in behavior between different 
strains,’ not necessarily of different types, mainly as to severity of their effects on animals. These 
differences appear to be fairly well fixed, and not greatly modified by passage. 
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Certainly, the oldest of the so-called passage strains, the MV, was highly infectious for 
man after nearly 30 years of passage in monkeys.*¢ 


CONTAGION AND COMMUNICABILITY 


Epidemiologic data, notably the very high ratio (about 100:1) of mild and unreported 
to severe reported cases and the very high incidence of resistance in adults, indicate that 
poliomyelitis is not only a wide-spread disease but also extremely contagious, probably not 
less so than measles ;'” 1° indeed, one group of observers’® regard it as the most communi- 
cable disease known. It appears to be conveyed mainly by intimate contact, of which 
familial spread is a striking example.*°-*? Apparently relatively brief exposures suffice, 
especially in younger children.1® Experimentally, infection is readily induced in the more 
susceptible primates by inhalation,?* by feeding** and by spraying the pharynx,?* which 
suggests that two natural modes of infection, and perhaps the most important, are inhala- 
tion of droplets and oral contamination of one kind or another, as from food, fingers and 
eating utensils. 

The prime sources of infectious material from human patients are the nasopharyngeal 
mucus**-*8 and the feces.?* °-8? The period of maximum communicability** ** corresponds 
closely with the brief period of a few days before and after the onset of symptoms during 
which virus is demonstrable in the pharynx,® ?**+ and not with the much longer period 
during which it is present in the stools,*° suggesting that the intestinal sources of con- 
tagion, including flies, are of less importance than the oral and nasal. This does not, how- 
ever, imply that droplet inhalation is more important than oral introduction, many oppor- 
tunities for which occur, particularly in young children. 


THE NATURE OF THE DISEASE 


Poliomyelitis is not a blood-born disease** and the older concept of penetration of the 
blood-brain barrier’? as the immediate cause of central nervous system invasion can no 
longer be supported.*? It is also highly improbable that infection is conveyed to the 
central nervous system by way of the lymphatics. The available evidence points to invasion 
through the peripheral nerves.**-*9 

The virus of poliomyelitis is highly neurotropic and the pathology of the disease, at 
least in its primary and characteristic aspects, is almost if not entirely confined to the 
nervous system. It has been convincingly shown that the neuron is the specific host-cell 
in which the virus multiplies** and that it even shows selective affinities for nerve cells of 
certain kinds and locations.** It is also well established that the virus migrates through the 
axons and at a rate of about 2 mm./hour.*® These facts have recently received visual con- 
firmation by electron microscopy at the hands of De Robertis and Schmitt who have dis- 
covered, first, that nerves contain submicroscopic fibers; and, second, that in nerves ex- 
posed to poliomyelitis virus, small round or ovoid bodies appear within or on the surfaces 
of these fibers.*°-*? These particles, although not positively identified with the virus, 
measure 15-50 mu in diameter and migrate through infected nerve at a rate of about 
2 mm./hour, both of which data correspond fairly closely with the properties of the virus 
as previously established by others.** 4*.44 In a specimen of lingual nerve obtained by us 
from a cynomolgus monkey 18 hours after swabbing the mouth with poliomyelitis virus 
(Wis ’45 strain), the particles were present in abundance.** This observation is of great 
interest, showing as it does that infection enters the superficial nerve endings promptly 
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after being deposited on the surface. Multiplication in surface epithelium or other non- 
neural tissues therefore need not be postulated as an essential part of the initial infection. 
Nor need extraneural growth be postulated to explain the presence of virus in the pharyn- 
geal and intestinal secretions during the progress of the disease. In cynomolgus monkeys, 
a species susceptible by feeding, we have found it difficult if not impossible to infect the 
intestinal mucosa with large doses of virus administered in gelatin capsules.** ** Experi- 
mental observations have also indicated that virus may be excreted through nerve chan- 
nels to the surface of the pharynx and appear almost simultaneously in the stools, pre- 
sumably having been swallowed.** This outward movement of virus within peripheral 
nerve has also been suggested by electron microscopy.** The long-continued presence of 
virus in the stools has not as yet been explained; until positive evidence is obtained, no 
assumption of extraneural growth in mucous membranes is justified.* Clinically, the 
usual absence of pharyngitis and of enteritis in poliomyelitis argue, I believe, against 
infection of the mucous surfaces in man. 


PATHWAYS OF ENTRY 


Virus deposited on the mucous membranes and making contact with nerve endings 
rapidly ascends through the peripheral nerves at a rate of about 50 mm. a day. The ex- 
periments already cited***? have shown that entry occurs with much greater ease in the 
oropharynx than in the intestine, and studies are now in progress®? to determine whether 
differences in terminal nerve supply of their respective surfaces may be related to these 
differences in vulnerability to the virus, or whether other factors should be held re- 
sponsible. In any case, it seems probable that the major portals of entry are the pharynx, 
mouth and perhaps the nonolfactory portions of the nasal passages. These regions re- 
ceive their afferent nerve supply from the fifth, seventh, ninth and tenth cranial nerves 
and the superior cervical sympathetics. Studies by ourselves®* and others** indicate that 
these, and particularly the fifth, tenth and possibly the cervical sympathetics are the most 
probable entering pathways in poliomyelitis. The cranial nerves connect with centers in 
the brainstem, mainly in the pons and medulla, and the cervical sympathetics with the 
uppermost levels of the thoracic cord. Infection entering through the cranial nerves would 
then set up a primary encephalitis of the brainstem involving the nonmotor centers except- 
ing in those unusual cases in which virus has been traumatically introduced into periph- 
eral motor nerves. This concept of a primary nonparalytic bulbar encephalitis offers a 
ready explanation for much of the early clinical picture. Secondary spread to motoneurons 





* Theoretic speculations on extraneural growth, such as those of Evans and Green,” based largely 


on an apparent discrepancy between the amounts of virus in the stools during convalescence and the 
estimated amounts in the CNS at that period, while of interest, admittedly lack any direct proof and, 
in my opinion, suffer seriously from the lack of any valid quantitative data regarding the number 
of poliomyelitis virus bodies required to infect (with vaccinia, a single elementary body suffices) ,” 
and also from our present lack of knowledge regarding the possible persistence of virus in peripheral 
nerves and ganglia, including the submucous plexus of the alimentary tract. 

The recent successful experiments by Enders, Weller and Robbins” in growing poliomyelitis 
virus in tissue suspensions furnishes the only probable evidence of extraneural growth of a polio- 
myelitis virus now available. In the tissues employed by them, with the exception of intestine, only 
peripheral nerves were present. Whether these experiments can be correctly applied to the intact 
animal or man and to the conditions of the human disease is an open question. It would seem wise 
at present to apply these results to the human problem with considerable caution. 
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in adjoining centers can, of course, occur with ease. Entry through the cervical sympathetics 
would lead to primary myelitis of the sympathetic columns in the upper thoracic segments 
of the cord; and, if entry through the intestine does occur at times it would lead either 
through the splanchnics to the lower half of the thoracic cord or through the vagus to the 
medulla. 

All the afferent peripheral nerves mentioned are derived from cells in the peripheral 
ganglia, and it is an anatomic necessity for ingoing infection to pass into and presumably 
infect them. A few experimental observations have shown that after spraying the 
pharynx*® and after feeding,®® lesions can be found in the regional ganglia before the 
CNS is involved; in human poliomyelitis lesions are constantly present in them,** as con- 
trasted with the olfactory bulbs which are only rarely involved.** I have therefore sug- 
gested that the foci in the peripheral ganglia constitute the primary lesions of polio- 
myelitis.°°* 

PROGRESS OF INFECTION 


The severity and extent of the spread of infection from the initial and secondary foci 
varies greatly in individual cases. The enormous number of asymptomatic and mild 
cases'* shows that there is a strong tendency for poliomyelitis infection to die out rapidly, 
possibly sometimes at the level of peripheral ganglia, without entry into the CNS. In 
some cases, it goes farther but stops before important damage is done, and in still others, 
it progresses with great rapidity to paralysis and even death. 


PATHOGENESIS OF SYMPTOMS 


The character of the very first symptoms has a special significance in showing the 
probable site, neural or extraneural, of the pathologic changes at that early period of the 
disease. For this reason and because no exactly similar study appears in the literature, I 
have reviewed, with the assistance of Dr. Lester A. Luz, a series of 201 consecutive cases 
kindly placed at my disposal by Dr. Henry D. Brainerd, from the San Francisco City and 
County Hospital, and grouped the symptoms of the first day of illness, as shown in 
table 1. 

Of all the initial symptoms of poliomyelitis, localized pain is the most constant and 
frequent.*'-** In our series, it was present on the first day in 145, or 73%. Headache, 
the most frequent of all the symptoms, was present in 89 (44%) of cases, and other 

* The olfactory route was ruled out as a portal of entry in human poliomyelitis by the nearly 
uniform absence of lesions in human olfactory bulbs.” Similar negative evidence is not presented 
by the peripheral ganglia of the other nerves mentioned, which nearly always show lesions. It is 
true, as we brought out in our papers,” that some of these lesions may be due to centrifugal 
spread from foci in the CNS (Bodian and Howe erroneously stated that we denied this possi- 
bility") but we have presented evidence™ (presence of lesions in the ganglia with absence of lesions 
in the corresponding nuclei of the CNS) that at least some of them are due to centripetal spread 
from the surface. The latter is borne out by experimental evidence in animals sacrificed relatively 
soon after oral exposure, showing lesions in the ganglia and no lesions or very early ones in the 
CNS.” Direct exposure of the central end of the fifth nerve promptly produces lesions in the 
gasserian ganglion and virus can be recovered from it on the fourth day or earlier. 

It is noteworthy that Bodian and Howe's conclusions™ as to the probable nerve routes of entry 
were virtually the same as our own, and the controversy over the role of the peripheral ganglia 
seems, therefore, to be a needless one. 
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pains in the head area (photophobia,* sore throat,+ and earache without otitis) occurred 
in an additional 28 cases. Pain referred to the neck and arms occurred in 25 cases; back, 
in 22 cases, chest in 6; abdomen in 16, lower extremities in 19. The great predominance 
of painful symptoms in the head area is striking. The origin of pain in poliomyelitis has 
not yet been satisfactorily explained,5® and may well be due to a variety. of causes, includ- 
ing hyperemia with tension on the meninges and vessels, inflammation of the peripheral 
ganglia, and, quite possibly, I believe, invasion of sensory nerves by virus. Whatever the’ 
origin of pain itself, its localizations would appear to have a topographic relation to the 


TABLE 1 


First Day SyMpTOMs, EXCLUSIVE OF FEVER, IN ORDER OF FREQUENCY: 201 CASES 

















Nervous 

No.* Jo* Character 
I. Pain ‘ 145 73 oo 
Headache 89 44 + 
Other localized pain 116 47 + 
Generalized aching 5 2 + 
II. Vomiting/Nausea/Anorexia 83 41 + 
Vomiting/nausea 56 28 + 
Anorexia 37 13 = 
III. Malaise 32 16 = 
IV. Stiffness of Neck or Back 31 15 a 
V. Listlessness, Fatigue, Drowsiness 31 15 + 
VI. Localized Weakness or Paralysis 20 10 + 
VIT. Chills 16 8 = 
VIII. Fretfulness, Irritability 13 6 ba 
IX. Vertigo 9 4 a 
X. “Cold” (unspecified 1; nasal discharge 4) 5 2 0 
XI. Diarrhea, Dysuria, each 2 1 0 
XII. Sweating, Poor Vision, Constipation, each 1 = 


Cerebrospinal Fluid: Positive in 5 of 10 Cases Examined on 1st Day 





* Number designates the number of times the given symptom or category was recorded; percentage, 
the proportion of total cases in which it occurred (avoiding duplication when more than one symptom 
of a given category was recorded in an individual case). 

7 Eyes (photophobia) 8; ears 2; throat 18; neck 20; upper extremities 5; back 22; chest 6; 
abdomen 16; lower extremities 19. 





part of the neuraxis in which active lesions of some severity are present. For this reason, it 
seems reasonable to infer that headache and other cephalic pains are related to intra- 
cranial infection; pain in the neck or arms to involvement of the cervical cord, etc. On 
such a basis, the painful symptoms point to pathology in the central nervous regions at 
the onset in the following descending order of frequency: (1) brainstem (encephalitis), 
(2) cervical cord, (3) thoracic cord and (4) lumbar cord, each with a corresponding in- 
volvement of the regional ganglia. 

Vomiting, nausea and probably anorexia, the group of onset symptoms second in fre- 
quency and the only common “gastrointestinal’’ manifestations of the disease, are not 


* Photophobia has been shown to be a form of pain.* 
+ Sore throat, here included among the painful symptoms, is rarely accompanied in poliomyelitis 
by signs of pharyngeal inflammation. 
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only to be regarded as of central rather than of gastrointestinal origin but as referable to 
localized disturbances in the vagal or reticular centers of the brainstem.®° Vertigo, present 
on the first day in nine of our cases, is due to lesions in the vestibular nuclei, which are 
constantly and usually severely affected. 

The category of onset symptoms third in frequency, stiffness of the neck and back, 
appears to be closely related to lesions in the reticular formation,®* *'-® a series of gan- 
glionic centers in the brainstem extending from the hypothalamus through the medulla 
which, as has long been known“ and repeatedly confirmed®*%**> is the region of the 
CNS most constantly and perhaps the most severely involved in poliomyelitis. Recent 
experimental work* indicates that it is the most probable source of what is usually re- 
ferred to as spasm (actually a disturbance of postural or stretch reflexes), which is one 


TABLE 2 


First Day SyMpTOMs OF First PHASE IN 20 DipHasic (“DROMEDARY”) CASES 











Nervous 

No % Character 
I. Localized Pain : 14 70 + 
Headache 5 25 + 
Other 9 45 + 
II. Vomiting (4)/Nausea (1)/Anorexia (7) 12 60 + 
III. Malaise 5 25 pn 
IV. Listlessness/ Drowsiness 3 15 + 


V. Irritability, Vertigo, Tinnitus, each 1 
VI. Chills, Nasal Discharge, Cough, Diarrhea, each 1 





Note the close similarity between the symptoms of the first phase here and those of all cases in 
table 1. 


of the most characteristic signs of poliomyelitis. In other respects,-too, the reticular 
formation is of the greatest importance in relation to the symptomatology of poliomyelitis 
since it contains centers responsible for the mediation, integration or inhibition of a variety 
of important functions including muscular tone, respiration, vasomotor activity, pulse 
rate and blood pressure, coughing, swallowing and vomiting.®*® It also has intimate 
relationships with the trigeminal, vestibular and vagal systems.*° While space does not 
permit a detailed discussion, the symptomatic implications of extensive pathologic in- 
volvement of the reticular formation in poliomyelitis are apparent. 

Another common category of initial symptoms, most conspicuous in young children 
and often unaccompanied by pain, is a state of lethargy which ranges from simple quiet- 
ness and listlessness up to a marked drowsiness. While the source of this group of symp- 
toms cannot be exactly placed it almost certainly originates in the CNS, perhaps in the 
region of the sleep centers in the hypothalamus.** The occurrence of local weakness or 
paralysis in 10% of the cases on the first day is noteworthy as indicating that central 
lesions were present in the presymptomatic period, Evidence to the same effect is pro- 
vided by the presence of typical abnormalities in the cerebrospinal fluid in 5 of 10 cases 
examined on the first day. It is to be noted that a positive spinal fluid is proof of disease 
in the CNS, while a negative test is not. Of the so-called “general” or “systemic” or 
“constitutional” symptoms, such as fever, chills, malaise and fretfulness, none is of a 
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kind which could not reasonably be expected from infection in the CNS. The clinical 
picture, then, as a whole and in detail, can be regarded as reflecting pathologic changes in 
the CNS, and predominantly in the brainstem, that are already present at the onset of 
symptoms. Invasion of the CNS is not a late but a very early event. This is true, I be- 
lieve, not only of the ordinary case but also of the diphasic (‘““dromedary,” “‘bactrian’’) 
case. In our series there were 20 cases which might be placed in that group, although in 
several of them, the interval between humps was not wholly asymptomatic, and I suspect 
that this is often true. As shown in table 2, the onset of the first phase, far from consisting 


PATHOLOGIC-SYMPTOMATIC THRESHOLDS IN POLIOMYELITIS 


Anorexia 
Fever. 


Central nervous system 


Peripheral ganglia 


cases 
paralysis in second 
‘ phase 
Mild = |More severe , “or Bact- 
CHART 1 


purely of nonspecific symptoms of a general or systemic type, has the same character, also 
predominantly neurologic, as manifested at the onset of the ordinary monophasic cases. A 
previous analysis of another series of diphasic cases showed the same thing.*’ The 
diphasic course is therefore, in my opinion, merely an example of remission and relapse. 

It seems highly probable that the onset of symptoms simply marks the point at which 
an established pathologic process in the CNS reaches a certain level of severity and extent 
sufficient to be clinically manifest. That this is true of paralysis has been shown by 
Bodian,** who has estimated the proportion of motoneurons which must be thrown out 
of function before weakness can be detected; and it is presumably true of the sensory 
and other disturbances. This concept of pathologic-clinical thresholds is illustrated in 
chart 1. 

Finally, the current restriction of the term “bulbar” to paralyses referable to the motor 
cranial nerves obscures the probability that at its onset poliomyelitis is preponderantly of 
bulbar origin, with symptoms referable as a rule to the nonmotor centers. It would, I 
suggest, be helpful to a clearer understanding of the clinical picture if we divided bulbar 
poliomyelitis into two categories: paralytic and nonparalytic, the latter with symptoms 
referable to the sensory, vagal, vestibular, reticular and other centers in the lower brain- 
stem not composed of motoneurons. 
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CONTRIBUTORY FACTORS 


These fall into two groups: (1) primary factors that permit virus already present on 
the body surfaces to enter the tissues and infect; (2) secondary factors that increase the 
severity of lesions already established in the CNS. Trauma, which may be gross or mini- 
mal, is the chief primary factor. Examples of gross trauma are adenotonsillectomy,°*-** 
adenoidectomy alone,®* and by analogy other operations on the nose, mouth or pharynx; 
extraction of teeth,®* appendectomy,*** vaccination for smallpox’®-** and laboratory 
accidents.®7* In experimental work, minimal trauma by brisk swabbing of the mouth 
with a cotton applicator has been found by us*® to facilitate infection, suggesting such 
human counterparts as vigorous tooth brushing and even the mastication of hard foods. 
Preceding infections may act similarly.”*:** In the present series of cases the following 
infectious conditions had been present one to three weeks before the onset of poliomye- 
litis symptoms: pertussis, otitis media, bronchopneumonia, 1 case each; diarrhea, 4 cases; 
common cold, 5 cases. 

The ‘chief secondary factors are severe muscular**-*° stresses, mental strain,*° chilling, 
pregnancy**? and high atmospheric temperatures. Some of these have been experi- 
mentally confirmed. In monkeys, it has been clearly shown that inoculations are followed 
by paralysis more frequently during the summer months,**:** a finding which suggests 
that the characteristic hot weather peak in the human attack rate may in some degree 
reflect a relative increase in paralytic as compared with mild and inapparent infections, 
the seasonal distribution of which is not as yet fully known. The much publicized hazard 
of swimming pools, so far as it exists, is probably due more to chilling and fatigue than 
to exposure to virus in the water. Other secondary factors to be considered are constitu- 
tional variations,**:** age and sex. The age factor is probably largely dependent upon con- 
ditions of previous exposure, susceptibility and immunity.*? 

In summary, the evolution of the disease process may be envisaged as follows: (1) the 
deposit of virus usually on the mucous surfaces of the nose, mouth and, later, the in- 
testine; (2) its entry into peripheral nerve endings, sometimes aided by trauma; (3) its 
ascent through the axons to the peripheral ganglia and central nervous system, particularly 
in the bulbar area; (4) multiplication of virus and production of lesions of increasing 
severity and extent, finally (in symptomatic cases and often aided by contributory factors) 
crossing the threshold of clinical manifestation; (5) from this point, the disease may 
take one of several courses; it may regress, with complete recovery or with relapse; it may 
go on directly to paralysis, which may be temporary or permanent, and in some cases to 
death. 

The pathogenesis of poliomyelitis indicates the importance of minimizing the con- 
tributory factors, especially overexertion, when any symptoms of illness, even minor, 
are in evidence. I suggest that more patients in the preparalytic stage or without major 
types or degrees of paralysis be cared for at home, leaving hospitalization for the severe 
paralytic cases requiring specialized types of attention available only in hospitals. The 
patient in the early stage hangs in a precarious balance between paralysis and its absence 
which may easily be upset in the wrong direction by the far from negligible stresses, 
physical and mental, incidental to hospitalization—the handling and fatigue of trans- 
portation, the struggling during lumbar puncture, the insufficient quiet and rest, the in- 
creased anxiety. Finally, the avoidance during epidemics of elective operations, especially 
on the nose, mouth and pharynx, deserves renewed emphasis.*? 
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SUMMARY 


Application of experimental results to human problems in poliomyelitis is valid and 
helpful, especially when the modes of inoculation infection are similar. 

The disease is spread largely by contact, probably much more often from pharyngeal 
than from fecal sources. 

The concept that infection is introduced into and spreads by way of nerve fibers, with 
multiplication in the nerve cells, appears to explain adequately the various phenomena 
of the disease, without resort to hypothetic extraneural infection. 

The usual site of entry is the upper respiratory and alimentary tract, notably the 
pharynx, rather than the intestine. 

The usual primary site of infection is probably the peripheral ganglia supplying the 
upper respiratory and alimentary tracts and the usual primary focus of infection in the 
central nervous system is probably the lower brainstem, to which many of the earliest 
and most characteristic clinical manifestations can be traced, particularly to the reticular 
formation. This nonparalytic form of bulbar poliomyelitis is to be distinguished from the 
paralytic form. 

The so-called constitutional symptoms of poliomyelitis are as readily referable to 
neural infection as to extraneural and presumably are due to the former. 

In diphasic (““dromedary’’) cases, the onset of the first phase is essentially of a neuro- 
logic, not of a nonspecific or “‘systemic’’ character. The diphasic case is regarded as a 
simple example of remission and relapse. 

Contributory factors are of two kinds: (1) those that serve to introduce virus into the 
body; (2) those that increase the severity of already established infection. Avoidance 
or minimization of these factors is of preventive value. 


ADDENDUM 


In a paper published in May 1950, after the present review was completed, Schmitt 
and Geren** have announced that the “neurotubules’””—the submicroscopic fibers referred 
to in the section on “The Nature of the Disease’’—are actually collagen fibers derived 
from the neurilemma, and not components of the axon as originally stated by De Robertis 
and Schmitt.*? The nature of the minute particles found by the latter authors in nerve 
infected with poliomyelitis virus but not in uninfected nerve remains indeterminate. 
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CORRESPONDENCE 


The following exchange of correspondence, concerning the Loeb-Tuddenham article “Does 
Glutamic Acid Influence Mental Function?” (PEDIATRICS 6:72, 1950), is between Dr. Frederic T. 
Zimmerman, Neurological Institute, New York City, and the authors, Dr. Harold G. Loeb, Stan- 
ford University School of Medicine, San Francisco, and Dr. Read D,. Tuddenham, University of 
California, Berkeley, Calif.: 

June 7, 1950 
Dear Dr. Logs: 

Thank you very much for your letter of May 20, 1950. It was very kind of you to send me a copy 
of your manuscript in advance of publication. 

In view of your findings, our own experiments, and information from other quarters which I will 
quote in a moment, I am sorry that you used the term glutamic acid in the title of your paper rather 
than the specific chemical compound, sodium glutamate. We have used sodium glutamate in the 
past on a large series of patients who did not know they were receiving sodium glutamate and who 
thought it was glutamic acid. Naturally, we would have preferred to give a soluble substance rather 
than an insoluble substance because of the greater ease of administration. However, sodium glutamate 
was ineffective. 

I am in receipt of a letter under date of May 31, 1950, from the International Minerals and 
Chemical Corporation, the pertinent parts of which I will quote to you: “In your papers, mention 
is made to glutamic acid, but it is not entirely clear whether this was given to the experimental sub- 
jects as glutamic acid itself, monosodium glutamate, or in some other form. It may not appear that 
this would make any difference, but we are beginning to accumulate evidence that it does.” You as 
a chemist know, of course, that we have always used the specific term L(+) glutamic acid rather 
than sodium glutamate. The main point of this quotation, however, deals with the accumulating evi- 
dence that regardless of test tube action in vitro, glutamic acid and sodium glutamate do not react 
the same in the human body. Why this should be, I do not pretend to know, but I imagine the Ph of 
the blood, insolubility and the difference in sodium, which amounts to between 13-14% of the 
molecule of sodium glutamate with the molecular weight of 187, would have a lot to do with it. 

I am also forwarding under separate cover a complete set of our reprints which includes our more 
recent papers which you did not quote. The bibliographies, especially in the Paris paper, likewise, 
give the confirmatory findings of such people as Quinn and Durling. You might also like to know 
that Sister Maureen Harney recently received a Ph.D. degree from Catholic University, Washington, 
D.C., on a glutamic acid experiment which confirms our work. I am sure she will be glad to send 
you a printed copy of her dissertation if you will write to her at Catholic University, Washington, 
DC. 

I hope you do not mind if I forward a copy of my letter to you to the Editor of PEDIATRICS. 

FREDERIC T. ZIMMERMAN, M.D. 
New York City 


June 15, 1950 
Dear Dr. ZIMMERMAN: 

Thank you for your letter of June 7, 1950. 

Regarding your remarks to the effect that glutamic acid is effective in improving mental function 
in contrast to monosodium glutamate which is not, I would comment that such a conclusion, for 
reasons presented below, should be subjected to a most critical analysis. 

To quote from your letter “. . . glutamic acid and sodium glutamate do not react the same in the 
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human body. Why this should be I do not pretend to know, but I imagine the pH of the blood, 
insolubility and the difference in sodium, which amounts to between 13-14% of the molecule of 
sodium glutamate with the molecular weight of 187, would have a lot to do with it.” 

It is difficult to comprehend how the pH of the blood could explain a physiologic difference be- 
tween 1 (+) glutamic acid and its monosodium salt. Glutamic acid entering the circulation, whether 
given as the free acid or its monosodium salt, should exist predominantly as monosodium glutamate 
at the pH of normal blood at least until metabolic transformations occurred. Moreover, monosodium 
glutamate in aqueous solution gives a pH of approximately 7 so that if absorption were rapid it 
would still not influence the pH of normal blood (7.4). In another study soon to be published I 
have shown that there is no significant difference in plasma levels of glutamic acid and glutamine 
under the conditions of our experiment as compared with controls so there is no evidence of a 
change in the concentration of the organic acid radical to influence the pH of blood. In addition, 
monosodium glutamate should exist predominantly as free glutamic acid’ at a pH of 3 or less (on 
acidity commonly observed in gastric juice) so that, whether given as the free acid or its sodium salt, 
glutamic acid should exist largely as the free acid when it is in the stomach. Consequently, considera- 
tions of insolubility should apply equally whether one administers orally either free glutamic acid or 
its monosodium salt. 

The suggestion that the increased sodium intake which accompanies sodium glutamate ingestion 
may account for a physiologic difference between the free acid and the sodium salt is worthy of some 
consideration. In our study the amount of sodium contributed by each of three daily doses of mono- 
sodium glutamate was 1.1 grams. This amount of sodium is present in approximately 4 grams of 
sodium citrate. Since the dissociation constants of citric acid and glutamic acid are of the same order 
of magnitude these two compounds should be comparable in their effect on acid-base balance and 
pH. Leaf and Couter (J. Clin. Investigation 28:1067, 1949) gave 47 grams of sodium citrate daily 
for three consecutive days to normal subjects and observed relatively little effect on the electrolyte 
pattern of serum. And, of course, as mentioned in our report there were no untoward reactions nor 
any evidence of alkalosis. 

With regard to the confirmatory references which you cite in the paper published in Education 
for March, 1950, I should like to make a few brief comments. In the paper of Quinn and Durling 
(Am. J. Ment. Deficiency 54:321, 1950) they state that they had controls for 9 of the 31 cases on 
the Binet test and that “. . . the control group appeared to gain in I.Q. about as much as the experi- 
mental group.” Although they seemed to think that glutamic acid may be of value for certain chil- 
dren their “tentative conclusions” were guardedly drawn. 

In the paper by Waelsch (The Lancet, vol. 2, no. 1, 1949) you will note in one group of 20 
subjects 9 (45%) showed a gain of 5 points or more, while in a second group of 16 only 2 (12.5%) 
showed such a gain. The available data did not permit a more complete analysis but with the in- 
formation at hand it seems evident that a positive conclusion could be drawn only with considerable 
reservation. Waelsch states further that no claim can be made that the effect of glutamic acid is 
specific. 

To my knowledge, the paper by Gilbert has not been published so I am unable to comment. I 
have, however, requested a copy of the dissertation by Sister Maureen Harney. 

Dr. Thomas McCulloch of Letchworth Village has written that his results almost exactly parallel 
ours. And it should be noted that he employed the free glutamic acid. In addition, Kerr and Szurek 
(Pepratrics 5:645, 1950), employing careful controls, tested the effect of free glutamic acid on 
children of low and normal I.Q. and could not confirm the observation of a beneficial effect. 

I hope you do not mind if I forward a copy of this letter to the Editor of PEDIATRICS. 

? Haroitp G. Logs, Ph.D. 


San Francisco 


June 19, 1950 
Dear Dr. Loes: 
I am afraid you missed the main points of my letter or perhaps in writing I obscured the points 
at issue. 
My first point is that sodium glutamate is not glutamic acid, as the title of your paper implies. 
Since we did not use sodium glutamate in our experiments, we believe that criticism of our work 
based upon the use of a different chemical compound with identical metabolic action assumed is 
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unscientific. You cannot in all fairness reason by analogy that the compounds are identical and then 
conclude on the basis of your work using sodium glutamate only, that ‘a beneficial effect of glutamic 
acid in the treatment of feeblemindedness has not been demonstrated.” We feel it would be more 
accurate to state that a beneficial effect of sodium glutamate upon mental deficiency has not been 
established on the basis of your evidence, a finding which we, ourselves, have already reported to 
you, ° 

Secondly, we believe that in a report all the evidence should be presented, pro as well as con, so 
that the conclusions which readers may draw are based upon all available data. The substance of 
your paper, however, is confined almost entirely to refutation of our findings, without complete and 
adequate presentation of the work of others. 

In writing you it was not our intention to make a detailed criticism of the technical aspects of 
your paper before publication. That can wait. We merely wished to call attention to your method 
of presentation of facts in general. 

FREDERICK T. ZIMMERMAN, M.D. 


July 21, 1950 
Dear Dr. ZIMMERMAN: 

In our judgement, differences in opinion as to the effects of glutamic acid therapy on mental func- 
tion reduce to two principal issues: first, the physiological equivalence of 1 (+) glutamic acid and 
monosodium glutamate; second, the adequacy of experimental design and statistical analysis. 

As you point out, your study utilized glutamic acid, ours the monosodium salt. However, bio- 
chemical considerations indicate that regardless of which compound were ingested it would exist 
as the free acid in the stomach and as the salt in the bloodstream. We feel that this issue and the 
question of the biological effects of sodium have been adequately treated in our last letter. We re- 
gard the negative findings of McCulloch and of Kerr and Szurek using the free acid as confirmation 
of our position that the choice between these compounds is not critical to the result. The only 
reference on your part to sodium glutamate which we have seen, other than your comment after 
reading our manuscript, appeared in Quarterly Review of Psychiatry and Neurology (vol. 4, no. 4, 
1949) where you wrote: “Glutamic acid has not been administered in the soluble form of sodium 
glutamate on the rather logical assumption that the amount of sodium in the molecule (atomic 
weight 23) would disturb metabolic equilibrium, especially in children.” As our paper pointed out, 
there was no evidence of alkalosis or disturbed metabolic equilibrium. 

The important considerations with respect to experimental design concern adequacy of controls, 
since the question is not whether a significant gain in performance can be demonstrated in the second 
of two tests, but whether that gain can properly be attributed to the treatment which intervened be- 
tween the tests. You will recall that our experimental group made gains, but gains by the control 
group were in some instances greater. As we stated in our paper we feel that differences between 
your results and ours are the consequence of differences in adequacy of controls. The findings of 
Harney are subject to the same criticism. The statement of Quinn and Durling that “the control ap- 
peared to gain in I.Q. about as much as the experimental groups” is also germane to the point, al- 
though for reasons not clear to us they chose to emphasize the gain and to disregard the control 
findings in their summary. 

As you are aware, several of the recent articles (both pro and con) have appeared since our paper 
was submitted for publication, and are therefore not discussed in it. Since the field is an active one, 
a critical review of all the literature might be desirable within the next year or so. Meanwhile, we 
hope that the criticisms brought out in this exchange will be of value to other researchers in conduct- 
ing more critical studies of this important subject. 

HaroLp G. Logs, Ph.D. 
ReaD D. TuDDENHAM, Ph.D. 





The following communication is from Dr. Harvey Blank and Dr. Bertram Shaffer, University of 
Pennsylvania, Philadelphia: y 


July 10, 1950 
Dear Dr. MCCULLOCH: 


As a result of Dr. A. J. Lehman's comments (PEDIATRICS 5:756 (April) 1950). on the use of 
DDT in our article on the treatment of Papular Urticaria (PEDIATRICS 5:408 (March) 1950), we 
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have had several queries which indicate that his letter was read as a general warning against the 
use of DDT on humans or animals. Such a prohibition was certainly not Dr. Lehman’s intent and is 
not in keeping with either the published enormous scientific experience or the widespread lay use of 
DDT. Because of the great value of this preparation in controlling many insect borne diseases as 
well as lice, scabies, papular urticaria, etc., several points warrant clarification: 

1. DDT is perfectly safe when applied as a dusting powder to the human skin. 

The wholesale wartime dusting of thousands of civilians as in Italy, and the peacetime use to 
control head lice in children (Am. J. Trop. Med. 27:67, 1947) failed to reveal toxic symptoms. 

2. Although not advised for repeated use, the occasional application of DDT aqueous emulsions 
to the human skin is safe. 

The NBIN emulsion formula containing DDT developed by the Dept. of Agriculture (Eddy, 
G. W., J. Invest. Dermat. 7:85, 1946) and tested as well by U. S. Navy (Carpenter et al., J. Invest. 
Dermat. 7:93, 1946) was without hazard. 

This formula has been in daily use at the Children’s Hospital of Philadelphia for 3 years without 
untoward effects (for Boston experience: New England J. Med. 241:742, 1949) and is also sold 
widely as Topocide®) by Eli Lilly and Co. 

3. The rare case of reported toxicity from DDT, especially by ingestion and inhalation may well 
have been caused by the toxic solvents rather than DDT. (Perry, W. J., and Bodenlos, L. J., 
Mosquito News, April 1950.) 

4. Although DDT under test conditions is a long lasting residual insecticide, im our clinical ex- 
perience it was found necessary to repeat the dusting of the bedding and child and the household 
spraying at frequent intervals. This may result, as Dr. Lehman suggested, from bathing the child, 
but also insures that all living quarters are eventually covered even by haphazard applications. 

It must be remembered that to prevent papular urticaria in these unusually sensitive children one 
must prevent even a single insect bite, and the measures required are more rigorous than ordinarily 
required. 

5. It was suggested that other insecticides such as pyrethrins be employed. 

Though these may be effective under ordinary circumstances they apparently are not sufficient in the 
home conditions occurring in the lower social groups where papular urticaria is most prevalent to 
be effective. Only DDT will prevent the disease in our experience. 

6. It would seem that with the paucity of proved toxic reactions to DDT in spite of its becom- 
ing one of the most universally used drugs (Am. J. Pub. Health 39:925, 1949), undue warnings do 
not reflect present commercial, household or medical experience. Nonetheless, as indicated in our 
paper, we include the following precautions on the instruction sheet to parents: 

1. When spraying with DDT, make certain that food, dishes and cooking utensils are protected 
from the spray. Avoid direct contact with the spray and ventilate the room after the spraying. 

2. To avoid eating of the DDT powder by cats: after dusting the fur, the excess powder should 
be removed with a damp cloth. 

3. The powder should be dusted very lightly on the child as only the barest film is necessary. 

Harvey BLANK, M.D. 
BERTRAM SHAFFER, M.D. 
Philadelphia 
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RADIOGRAPHIC ATLAS OF SKELETAL DEVELOPMENT OF THE HAND AND WRisT, William 
W. Greulich, M.A., Ph.D., and S. Idell Pyle, M.S., Stanford University, California, 
Stanford University Press, 1950, $10.00, 190 pp., 60 plates. 


The Brush Foundation studies on human growth and development, begun in 1931 and terminated 
in 1942, have been intensively reviewed and studied by Dr. Greulich and Miss Pyle in the formula- 
tion of this Radiographic Atlas of Skeletal Development of the Hand and Wrist. Serial radiographs 
of from 2 to 20 hand-films made at successive examinations of each of 1000 boys and girls made up 
the radiographic material. Standards were selected that were judged to be the most representative of 
the central tendency or anatomic mode of each chronologic age group from birth through 18 years. 
The time interval between standards was not constant and was shorter in infancy and early child- 
hood than in later childhood and adolescence. In some instances “the skeletal age of the standard 
does not correspond exactly to the chronological age of the children from whose hand-films it was 
selected,’’ but usually that was the case. The mode was frequently, but not always, at or very near 
to the midpoint of the range for age, depending on the skewness of the distribution. The authors do 
not elaborate on the skewness of skeletal maturation in the childhood years; but it should be pointed 
out that in many physical and physiologic characteristics, e.g., weight and some blood components, 
there is a wider spread of the data toward the upper limit of the range than on the lower side of 
the median or mode. 

The male and female standards for increasing skeletal ages from birth to maturity are actual-size 
photographic reproductions of the roentgen films with an accompanying page giving the skeletal 
age assigned to each bone and listing the changes that are to be expected at that modal age. Follow- 
ing these standards in the Atlas are a series of outline drawings of many of the individual bones of 
the hand and wrist showing the successive changes in shape of the radiographic shadows during de- 
velopment. An assessment of a hand-film is made by comparison with the standards and does not 
require special training in interpretation. Variations of more than two standard deviations in skeletal 
age from the chronologic age are said to be unusual, but no rigid standards of normality are set 
forth. It is felt that roentgenologic study of the hand and wrist is “the most useful single procedure” 
for assessing developmental status that is now available. It is intended as “a supplement to, not a 
substitute for, other valid methods of appraising the physical status of children.” 

That the skeletal age correlates better with the developmental status of the individual than with 
growth changes in height and weight is well demonstrated with cases of precocious puberty and 
hypogenital states as contrasted with that of healthy boys and girls. The authors then show photo- 
gtaphs of nine boys whose chronologic ages were all between 14-0 and 14-2 years, arranged in 
order of their skeletal ages which ranged from 12-4 to 16-8 years, in order to demonstrate that the 
development of secondary sex characteristics follows exactly the same order. Although these are 
beautiful demonstrations of the well-known relationship between the development of skeletal and 
reproductive systems, yet, the reviewers feel that a word of caution is in order. Even in the absence 
of any discoverable disturbance, one may find considerable individual variation in this relationship 
during adolescence. Moreover, little is known about the relation between earlier skeletal develop- 
ment and the reproductive system, through infancy and the prepubertal years. 

The authors state, ‘‘at least in health, the development of the child proceeds harmoniously in all 
of its parts.”” While agreeing with this statement, the reviewers feel that it is apt to be misunderstood 
within the context of this Atlas of “standards.” The problem is to determine what does represent 
harmonious development for a given individual. It has been the experience of the reviewers that dif- 
ferent but equally healthy children may show differences in the relative rates of growth and matura- 
tion of different parts, even within the different parts of the skeleton. Thus, what is harmonious 
development for one child may not match what is harmonious for- another. Similar deviations from 
the expected “standard” observed sometimes in the pattern of epiphyseal development of siblings 
suggests to us the possibility of genetic determination of the individual's own peculiar order of 
development. 
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The theory that developmental imbalances or deficiencies in epiphyseal development are the re- 
sult of febrile or other illnesses is strongly supported by the authors. They emphasize that if the 
developmental status is not uniform, the variability in the direction of both retardation or advanced 
skeletal maturity should be described since it calls attention to the imbalance and should lead to a 
search for the illness or incidents that might have been responsible for the imbalance. It is certainly 
true that imbalances in skeletal development should stimulate one to search carefully for some causa- 
tive illness or other environmental disturbance. However, one should not expect that every case 
showing such imbalances will also show some causative factor in the environment. In the re- 
viewers’ experience, children with no known or observable illness or disturbance have shown as much 
imbalance as that shown by the authors in their graphic chart (p. 24) of the imbalances in a girl 
who suffered from “infantile paralysis.” Therefore, it seems unsafe to assume that, in such a case, 
the illness has been proved to be the cause of the imbalance. 

The appearance of growth lines, lines or bands of increased density across the metaphysis, are 
considered by the authors as “scars of interrupted growth.’ These growth lines are formed, they 
believe, by a deceleration or an interruption of growth or by a sudden increase in the deposition 
of mineral and other osseous material. The failure of growth lines to form does “not prove that a 
recent illness or other traumatic experience had not affected a child adversely. The presence of such 
scars, however, would render it highly probable that it had done so.” Transverse lines have been 
identified as layers of superabundant thickened spongiosa which failed to honeycomb when growth 
was active at that level. The use of the term “‘scar’” seems to us unfortunate. 

The authors’ explanations of “developmental imbalances or deficiencies” and “‘scars of interrupted 
growth” do not seem to be well enough validated to be accepted as proved. If illness or other 
traumatic experience is thought to be responsible for failure of ossification of one center at a given 
time, it is difficult to justify incriminating the same factors as the agents causing simultaneous early 
ossification of other centers—a common finding in many children. No satisfactory explanation of 
this simultaneous delay in some centers and acceleration in others has been advanced. It would 
seem likely to us that there is a wider range of variability in both the order of appearance and the 
maturation of these secondary centers than can be accounted for by environmental agents alone. The 
authors state that “in the study of any aspect of the growth and development of children, one is 
constantly bedevilled by their variability.’ Their acceptance of ‘genetic differences’ even when 
children “are adequately nourished and not handicapped by severe illness’ represents a definite ad- 
vance over the point of view in Todd's original Atlas in which he cautioned that ‘‘differences in age 
equivalents are not the result of ‘variations of the normal’—but are the sequel to subclinical modi- 
fications—in the maturation pattern.’ The reviewers wish that the authors had developed further 
their concept of ‘‘variability’” instead of allowing themselves to be “bedevilled’’ by it. We are sure 
they realize, as well as we, that in attempting to understand an individual—whether for diagnosis or 
therapy or for guiding growth along healthy channels—it is often these very deviations from the 
expected “norm’’ which are most meaningful. 

In spite of the specific criticisms just mentioned, we feel that Dr. Greulich and Miss Pyle have 
produced a much more useful and practical Atlas than Dr. Todd’s original Atlas of Skeletal Matura- 
tion (Hand), published in 1937. The Greulich-Pyle Atlas is written with greater simplicity and less 
ambiguity. It is well assembled, well illustrated and easy to use. We consider it the best reference 
to date for assessment of skeletal age from roentgen films of the hand wrist. 


M. MARESH 
A. H. WASHBURN 


EcOLoGy OF HEALTH, The New York Academy of Medicine—Institute on Public Health, 
edited by E. H. L. Corwin, Ph.D., New York, The Commonwealth Fund, 1949, $2.50, 
196 pp. 


This book offers practicing physicians a brief summary of the past accomplishments and future 
prospects of public health as seen by a group of outstanding practitioners in various fields which con- 
tribute to this specialty. It begins with an excellent discussion of ‘Genetics and the Public Health” 
which presents the need of all physicians who act as advisers to family groups for information on 
this subject. Other notable contributions are found in the chapters on “Realities in Preventive Psy- 
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chiatry” and “Trends in Development of State and Local Health Service in the United States.” The 
section entitled “Animal and Insect Reservoirs of Disease” contains a brief review of insect-borne 
diseases. The book ends with a delightfully caustic account of ‘Education of the Layman in Health 
Responsibilities.” 

Mention must be made of unevenness of quality in certain chapters. The one on “Climate, Geog- 
raphy, and Disease” is largely a speculative presentation of a few facts which lead nowhere in par- 
ticular. The material on Maternal Health and Nutrition suffers from lack of bibliography. 

This volume is a summary of the papers and discussions in the Institute on Public Health which 
was held at the New York Academy of Medicine in 1947. The editors have so handled the original 
material as to give the gist of the proceedings in a comparatively small volume. On the whole this 
is an excellent book for the busy physician who wishes to be informed of some of the current 
thought in the field of public health. 


CURRENT THERAPY, 1950, edited by Howard F. Conn, M.D., Philadelphia, W. B. Saund- 
ers Company, 1950, $10.00, 736 pp. 


In 704 pages this book covers the whole realm of medicine from one aspect only—treatment. 
No attempt is made at discussion of etiology, pathology, or diagnosis of the hundreds of conditions 
covered, but each of over 250 contributors has described in detail his present methods of therapy for 
a particular disease. To avoid a limited viewpoint in areas where legitimate differences may exist, 
frequently more than one author gives treatment procedures for the same disease. The book is in- 
tensely practical and is intended primarily as a rapid reference for practicing physicians. The ex- 
positions of methods are detailed and complete. This work does not constitute a review of the litera- 
ture, nor is it simply a discussion of recent advances. Instead, it represents all of this material 
digested, absorbed and, together with previously accepted therapy, properly reassembled for use. 
In many instances this has entailed considerable revision of the 1949 edition, as for example in the 
section on The Infectious Diseases, which includes specific information on the use of several re- 
cently developed antibiotics and drugs; 16 new subjects and a new section on Diseases of the Loco- 
motor System have been added. In no sense is this a recipe or cook book; enough of the physiology 
and pathology is brought into the discussion of each treatment regimen to make the rationale of 
therapy evident and the objectives clear. This book should be of value to anyone who practices clinical 
medicine, and particularly to the general physician. 


THE HosPiITAL IN CONTEMPORARY LIFE, edited by Nathaniel W. Faxon, M.D., Cam- 
bridge, Mass., Harvard University Press, 1949, $5.00, 288 pp. 


Eight eminent and, in a sense, proper Bostonian physicians have undertaken “‘to tell the layman 
something of what he should know about the past history, present operation, and future possibilities 
of hospitals.’ They went about their task by presenting, each in his turn, one or more of the Lowell 
Institute lectures of 1948, which here appear collected in book form. E. D. Churchill offers an 
erudite, thoughtful and superbly condensed historical account of the evolution of the hospital as a 
social institution. H. K. Beecher relates, again largely through the perspective of cultural anthro- 
pology, the development of the relief of suffering, both as science and as art. Human nature and the 
understanding of disease is given a somewhat breathless treatment by Stanley Cobb, and L. S. McKit- 
trick is forced into narrow territory in dealing with the care of the patient. Oliver Cope presents 
an admirable exposition of the role of the hospital in the education of the doctor and E. M. Landis 
develops the theme of the contributions of scientific research to clinical medicine. The ungcateful 
topic Unsolved Problems affords J. C. Aub an opportunity to sketch in bright though not unbiased 
colors a few of the outstanding personalities whose medical lives form part of the Massachusetts 
General Hospital's tradition. And finally, in a summing-up on the place of the hospital in the social 
order, N. W. Faxon brings a battery of statistics to bear on a few administrative matters such as 
costs of operation and availability of beds in relation to population. Hospitals, quite unmistakably, 
are here to stay. 

The title of this volume is somewhat misleading, to the extent that it implies a coverage of sub- 
ject which obviously has not been attempted. No essay can aspire to play the part of a treatise; nor 
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can a series of essays by a group of individuals, however close their professional association, attain 
that unity of concept and integration of execution which one expects of authority. Moreover, in 
spite of the writers’ valiant efforts to maintain a global outlook, the parish walls keep rising up to 
occlude the distant horizon, and at least one reader finds himself repeatedly impelled to scribble a 
marginal note ‘For ‘hospital,’ read ‘M.G.H.’”’ Seven of the eight contributors hold appointments in 
that proud and venerated institution, and it was pointed out earlier that these gentlemen are indeed, 
in a sense, proper Bostonians. Their essays provide pleasant reading, informative to a physician, 
to a layman in places doubtless inspiring as well; and though the latter may be confused by the 
volume’s irregularities in style, tone, content and presentation, no reader can fail to glean from it a 
better understanding of what the forward-looking hospitals of today are trying to accomplish. 

To the reviewer, himself a loyal Harvard alumnus, falls the grievous but inescapable duty of 
deploring the fact that his alma mater’s university press has turned out a product replete with 
misspellings and quite undistinguished in make-up, format and binding. Injury added to insult, the 
retail price is outrageous. 
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FOREWORD 


OW to make good medical care available to all children no matter where they live 

or what their circumstances? This was the problem to which the American Acad- 

emy of Pediatrics addressed itself with renewed vigor at the end of World War II. It is 

the same problem that has been the objective of medical care programs advanced by 

medical societies, public health and welfare agencies at national, state and local levels. 

All are agreed on the importance of providing better and more evenly distributed health 

and medical care for children; all are not equally agreed on the methods of achieving the 
goal. 

The road to better medical care has, indeed, been so beset with medico-political contro- 
versy that fundamental issues have been clouded. Physicians and the !ay public are asked 
to believe statements that are conflicting and confusing. The Academy, looking at the 
scene from the point of view of its own special interest—child health—agreed to determine 
the facts of the matter through a dispassionate and systematic analysis done in the scientific 
manner. 

Detailed and comprehensive information was obtained by mail questionnaires and per- 
sonal visits to the nation’s 6,000 hospitals that admit children, 15,000 community health 
agencies, about two-thirds of all physicians and dentists in private practice and all 70 of 
the four-year medical schools which were approved at the time of the study. The resulting 
massive data were shaken into order and the findings published for the country as a 
whole’ and separately for the individual states. 

Upon completion of the Study and publication of the report, the Academy committee 
which had been created for the Study was discontinued and a continuing committee was 
appointed, rather aptly named the Committee for the Improvement of Child Health. 
Having at hand a thorough inventory of child health services and pediatric education,* 
this Committee was face to face with two questions of paramount importance: What do 
the facts mean? and What should be done about them? The task of interpreting the facts 
and meeting the needs they reveal is far more difficult than collecting them, and we must 
admit that there is no single easy answer. There will be many answers which will be as 
varied as the sources from which they come. 

The needs cannot be met overnight. Careful and long-term planning is required and the 
continuing cooperative effort of many agencies, Just as the fact finding study was con- 
ducted by voluntary and official groups working together in close harmony, so too the 
solution of the needs depends upon the help of all those groups, national, state, and local, 
and individuals working together for the health and welfare of children. 

The atmosphere into which this collection of facts has been projected has changed since 
the inception of the study. It is a matter of no little significance that this objective and ana- 
lytical study of health problems of children has been brought forth at a time of social 
changes which, in one way or another, are sure to have a profound effect upon medical 
practice and public health procedures. Strong forces are demanding more vigorously than 


* The study findings’ have been used as the background for the report which follows. We 
have not, however, noted the frequent references to specific data. 


Vv 


i 
4 
; 
} 
i 
f 
' 
I 
j 














vi THE AMERICAN ACADEMY OF PEDIATRICS 


ever before that more medical care be made available to more people. To meet this demand 
we now know, at least in respect to children, where some of the gaps exist. From this 
background of factual information we are in a position to advance a sound program to 
fill the gaps and improve health services for all children. 

The changes that are taking place are in some respects reflections of the changing order 
affecting medicine in general; in other respects pediatrics is undergoing changes peculiar 
unto itself. It is very clear that care of children even more perhaps than the care of 
adults is shifting increasingly from curative to preventive medicine. What does this mean 
for the training of the physician—whether general practitioner or specialist—entrusted 
with the health of children? Is the pediatrician of the future to be primarily a consultant 
to whom difficult cases are referred by other physicians, or is he to be a general practitioner 
for children? What, in short, is the place of the specialty of pediatrics in the changing 
order ? 

In this report we have endeavored to attack some of the questions which relate to the 
services and training of physicians. We have not tried here to deal with many of the im- 
portant problems included in the original study. Thus, the reader should not expect to 
find here a discussion of such essential services as those rendered by community health 
agencies, or dental care for children. It is our present purpose to focus upon the physician 
who takes care of children in his private practice—whether as general practitioner or 
specialist—and his training for this job. We hope hereby to provoke earnest thought and 
discussion about the problems that are raised so that we may move forward along well- 
ordered lines toward the improvement of child health. 

This report should not be looked upon as the opinion of any one individual or of any 
small group of individuals, but rather a collective opinion which has emerged over many 
years. Inevitably, however, it has been generously flavored by the thoughts of the members 
of our Committee who have each contributed to it, especially Dr. James L. Wilson, who 
served as Chairman during the first three dynamic years of the Committee’s existence, and 
Dr. John P. Hubbard, who directed the Study of Child Health Services and then carried on 
as Executive Director of our continuing Committee. 

It should also be noted that those who were responsible for analyzing and reporting 
the findings of the study have contributed in large measure to this report. Thus the chap- 
ters which deal with pediatric education reflect many of the thoughts of Dr. John McK. 
Mitchell, who was directly responsible for this part of the survey. 

We are indebted, too, to Dr. Glidden L. Brooks and Mr. Eldredge Hiller, who served 
for varying lengths of time on the Committee’s executive staff and to Mrs. Elizabeth K. 
Lammie, our indefatigable and able assistant. 

We wish also to express our thanks to those who have given financial support to this 
Committee: The National Foundation for Infantile Paralysis, the Grant Foundation, the 
Field Foundation, New York Fund for Children, Inc., The New York Foundation, Albert 
H. and Jessie D. Wiggin Foundation, Charles H. Hood Dairy Foundation, Carnation Com- 
pany, Pet Milk Company, M & R Dietetic Laboratory, Mead, Johnson and Company, 
Winthrop-Stearns, Inc., Burroughs, Wellcome and Company, C. V. Mosby Company, Wm. 
S. Merrill, and to those individual members of the Academy who have made voluntary 
contributions. 

WARREN R. Sisson, M.D. 
Chairman, Committee for the Improvement of Child Health 
Past President, American Academy of Pediatrics 














CHAPTER I 
THE DISTRIBUTION OF MEDICAL CARE 


STUDY of child health services could be approached from one of two points of 
A view: emphasis on the gains that have been made, or the gains yet to be made, The 
one would result in a picture of child health throughout the United States which could be 
looked upon with justifiable pride. The other would show the weak spots in order that 
these weak spots could be thoroughly understood and then corrected. 

It was the latter of these two approaches which was adopted in the study on which this 
report is based. This should be kept clearly in mind. We were not concerned with show- 
ing how good things were, but rather with an attempt to reveal the gaps that need 
attention. 

During the course of the study, a visitor from Australia was touring the country to 
learn what we do for the health of our children. In his estimation, the United States had 
reached a point in the care of its children unequalled at any time. When he stopped in at 
the office from which the study was being conducted, he had expected, he told us later, to 
find us rather well pleased with the health of American youth. But he found himself in a 
beehive of activity, the purpose of which was to learn more of existing gaps in present 
services. 

“What are you doing all this for?’’ he asked. “You already have the best services in the 
world, and you are not satisfied.” 

We were startled by this question. It is good to take note of progress, but complacency 
is the enemy of progress. One cannot progress if interested only in the achievements of the 
past. 

FEWER DEATHS, LEss DISEASE, MORE CHILDREN 


If one looks only at the national averages, the record is indeed impressive. Extraordinary 
advances have been made against disease and death, The health of the nation is at an all- 
time high; conversely, the general death rate is the lowest on record. Infant mortality has 
dropped from 76 deaths under one year of life per thousand live births in 1921, to 32 in 
1947. The death rate among pre-school children (ages 1 to 5) has declined from 20 
deaths per thousand population in 1900, to 3 in 1920, to 1 in 1945. . 

Certain diseases which were prevalent twenty or even ten years ago, have become less 
frequent, or have largely disappeared. Vitamins have relegated rickets, scurvy, beri-beri and 
pellagra to the past. From 1930 to 1945 deaths from diphtheria in children dropped from 
approximately 15 to 4 per 100,000, coincident with the increasing use of specific active 
immunization with toxoid. Following the introduction of sulphonamid therapy, scarlet 
fever and other streptococcal infections showed a striking fall in mortality. In fact, scarlet 
fever has now reached such a low mortality rate that it no longer constitutes a serious 
menace to life for children.? More recently, following the introduction of penicillin 
and the newer antibiotic drugs, there has been a further marked decline in mortality from 
other contagious diseases. 

It is this increasing control over communicable diseases that has been chiefly responsible 
for the phenomenal record of improvement for the pre-school ages. Among pre-school 
children the death rate from all causes in 1945 was less than the combined death rate from 
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pneumonia, influenza, and the other communicable diseases in 1935; this age group has 
shown a decline in death rate amounting to 40% since 1940—a greater decline than any 
other part of the population. The reduction in mortality from diarrheal diseases, scarlet 
fever, whooping cough and measles has been particularly noteworthy. During the last 
fifteen years the death rate in this age group from diarrheal diseases, although still im- 
portant, has been cut to one-tenth of its former level. 

While fewer babies are dying, more babies are being born. Following the war years, 
there is a sharp rise in the birth rate. A bumper baby crop appeared. There were approxi- 
mately 3,700,000 live births in the United States in 1948—over a million more than in 
1940. The number of children under 5 years increased 40% between 1940 and 1948 
so that today we have the largest number of children the country has ever had, a fact with 
important implications for medical care and for many aspects of our social structure. For 
example, our elementary schools should prepare to accommodate 8,000,000 more children 
in 1957 than were enrolled in 1947.4 

Next in importance to the increase in the school age population will be the increase in 
the number of the aged. As a result of preventive measures, more people are growing up 
and advancing to a ripe old age. It has been estimated that the average expectation of life 
at birth in 1800 was 35 years and the average woman of childbearing age had 8 children 
born to her. By 1944 these rates had changed to a life expectancy at birth of approximately 
65 years and the average woman‘who had passed the childbearing age had had 2.2 chil- 
dren instead of 8.5 The aged may be expected to become more numerous and to consti- 
tute a larger proportion of the population. As recently as 1930, only 5.4% of the popula- 
tion consisted of persons 65 years old and over. By 1955 it is expected that they will make 
up about 8.1% of the total population.‘ 

To take care of the aging population, a new specialty, geriatrics, is emerging. We might 
point out in passing that geriatrics owes its existence in large measure to pediatrics, for if it 
were not for the advances due to the pediatrician, there would be fewer patients for the 
geriatrician. 

DISADVANTAGES IN ISOLATED RURAL COUNTIES 


Yet if we look within the averages, there is little room for complacency. Medical care is 
not always good and not always available. Averages can be misleading. 

In some counties where modern medical services are scarce, five times as many infants 
die as in more favored communities. The infant mortality rates for the individual states in 
1946 showed a wide range from 27 per thousand live births for Utah, to 78 for New 
Mexico. One should not jump to the conclusion that this wide range from state to 
state is due altogether to the notoriously poor health conditions among Negroes and Indians. 
For the white population alone, the infant mortality rates ranged from 26 for Delaware, to 
72 for New Mexico. 

Variation in infant mortality among county groups was determined during the course 
of the study for the five-year period, 1941-1945. The rate in the isolated counties was about 
a third higher than in the greater metropolitan counties. A striking contrast could be 
shown between the infant mortality rate of greater metropolitan counties and that of the 
isolated rural counties in the same state. For example, in Arlington County, Virginia, 
which was classified as a greater metropolitan county, the infant mortality rate was 25, but 
in the isolated rural counties of Virginia, the rate was 59, almost two and a half times as 
high. Infant mortality is lowest in the larger urban centers. There modern facilities for 
good obstetrical care are available and a higher proportion of babies are born in hos- 
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pitals. In relation to the size of community in 1946, the lowest infant mortality rate 
was 31.4 for cities of 100,000 or more; the highest rate, 37.8, was for towns of 2,500 to 
10,000. 

We are accustomed to thinking of the disadvantages under which the “dead-end kids” 
grow up. We picture them as pale, scrawny urchins playing in the dust of a city street. By 
way of contrast, we visualize the country lad as a “barefoot boy with cheek of tan,” 
thriving on the produce of his family’s farm and glowing with health. The facts, however, 
present a different picture. Both mortality and morbidity figures favor the city child. The 
mortality rates in 1940 for infants (under one year), pre-school (1-4 years) and youths 
(15-24 years) were higher in rural areas than in the cities, with the rate for school chil- 
dren (5-14) being approximately the same. The important infectious diseases of childhood 
take higher toll of life in rural districts, despite fewer means of contact. The measles death 
rate, for example, in large cities is only 0.2 per 100,000, compared with 0.7 and 0.9 in 
rural areas and small towns, respectively. Whooping cough has a death rate of 1.0 per 
100,000 in large cities, compared with 3.2 in rural areas. 

The status of rural health of children is summed up briefly by Mott and Roemer’ as 
follows: “For infants and children and mothers in child birth, rural death rates are today 
found to be generally higher than those in the big cities. As measured by the burden of 
illness and disability, rural health is somewhat poorer than urban health, and to some extent 
different in kind. The very diseases that modern science is best able to prevent take a higher 
toll in rural areas. As measured by impairments and disorders, rural health is rather clearly 
poorer than urban.” 

One might expect to find in isolated areas a dearth of specialist care, clinic care, and 
the highly skilled diagnostic and curative services that are found in and around medical 
centers. In a large number of cases, specialist care does not constitute an emergency, hence 
the specialist need not be close at hand. The child may be taken to the specialist or the 
specialist brought to the child, even though he lives at a considerable distance. 

But, in the case of the general practitioner, the situation is different. In the isolated 
areas the general practitioners carry the load often single-handedly. They may not have 
specialists and hospital clinics to take part in the medical care in the community, The de- 
mands on their time and ability are more varied and the distances they must cover are 
greater. One would like to think, therefore, that there are proportionately more general 
practitioners in the isolated rural areas than in the metropolitan centers. However, the re- 
verse is true, In isolated counties there were found only one-third as many general prac- 
titioners for the same number of children as in greater metropolitan counties. 

The deficiency in the distribution and services of the general practitioners in sparsely 
populated areas has another serious implication, The medical profession frequently, and 
not without reason, voices its alarm over the increasing number of quacks and cultists. These 
groups cannot be legislated out of existence so long as their services are desired by people 
upon whose votes the legislators depend. And the people will continue to look to cultists 
for their “doctoring” when physicians are few and far between. The only effective solution 
is to give the people something better. 

Another factor that favors the urban child is the larger measure of attention given to 
periodic health examination and well-child care. The child in isolated counties gets less 
of this type of service. In isolated rural counties pre-school children receive about one- 
fourth as much health supervision as those in the greater metropolitan counties. What 
health supervision they do get is almost entirely at the hands of the hard-pressed general . 











512 THE AMERICAN ACADEMY OF PEDIATRICS 


practitioner, whose time and energy are demanded predominantly for the care of the sick. 
In these isolated rural counties only one-tenth as much clinic service is given for the same 
number of children as in the greater metropolitan counties. The general practitioner does 
not have much time to attend to the needs of well children. 

For all aspects of health services included in the study of child health services, de- 
ficiencies appeared in counties which were classified as isolated. These isolated counties are 
not all wide open spaces; one-third of the total child population, 13,000,000 children, 
live in these counties. In these remote areas there are fewer hospitals; clinics for medical 
care and health supervision are almost entirely lacking; both voluntary and official public 
health services are sparse and scattered. Whereas in the twelve largest metropolitan centers 
of the country there are nearly six physicians for every thousand children, in isolated rural 
counties there is only one physician for a thousand children. 

If, then, there are so many more doctors available in the city than in the country, should 
the city doctors be uprooted and sent by some governing force to practice in the country ? 
Certainly there can be no one, unless he be willing to destroy the fundamental freedom 
upon which this nation is founded, who would entertain this suggestion seriously, Yet 
there seem to be those who like to set this question up as a straw man in order to tear it 
down. Inducements may be offered to encourage a man to practice in a small community, 
but there must be no compulsion. 


INEQUITIES WITHIN URBAN CENTERS 


It is not only the isolated rural areas in which inequities exist. It is all too evident that 
many children even in the most favored metropolitan centers do not get good medical care. 
No attempt was made during the course of the study to obtain information on this point. 
It would have been interesting and no doubt revealing to have analyzed the social and eco- 
nomic factors which influence the health services for children in the same urban center. 
Our survey was limited to comparisons in services from a geographic point of view. 

Information is, however, available on the distribution of medical services in urban 
population groups. The National Health Survey, conducted by the U.S. Public Health 
Service during the winter of 1935-1936, was a totally different kind of survey and lent 
itself to a study of this question. It was a house-to-house canvass of about 700,000 urban 
families in 18 states and nearly 37,000 families in rural areas to determine the frequency 
of illnesses, the medical services received in connection with the illnesses, and the relation 
of these items to certain social and economic conditions. Although this survey was con- 
ducted 10 years prior to ours, and although there have been great changes in morbidity 
rates and economic conditions during this period, it may be assumed that the same factors 
influence in much the same way the distribution of medical care within urban groups. 

One of the prominent conclusions of the National Health Survey was the importance of 
economic status as a determining factor in the distribution of medical services within urban 
centers. Families were classified according to income and also according to whether they had 
received relief. It was clear that the illness rates were highest in the groups least able to 
meet the costs of medical care and that, in general, persons at the lowest economic levels 
received the least medical care.* It was also brought out that children in the low in- 
come families received comparatively less medical care than their parents, less hospital 
care, less care from doctors and nurses. We like to think that, whether poor or rich, fami- 
lies give first consideration to their children, Such, however, does not appear to be the 
case in respect to medical care. 
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CONCLUSION 


There have been extraordinary advances in medical care and prevention of disease among 
infants and children. Morbidity and mortality rates have shown remarkable declines in 
recent years following the introduction of new therapeutic agents. 

The fact still remains, however, that there are wide gaps in the distribution of medical 
care. There are sections of the country where the infant mortality is higher than the na- 
tional average of a generation ago. In isolated rural areas, the physicians’ services for chil- 
dren are less, both in quantity and quality, than in or near urban centers. In the outlying 
areas, not only specialists but also general practitioners were found to be relatively few; 
there were only one-third as many general practitioners for the same number of children 
in isolated counties as in greater metropolitan counties. 

The economic factor has an all-pervading influence. Where per capita income is low, 
the quantity and quality of health services are proportionately low. Thus, even in the 
more favored metropolitan areas, there are gaps in services for families of low income. 








CHAPTER II 


PRIVATE PRACTICE FOR CHILDREN 


RIVATE practice as it applies to children has been influenced in a very fundamental 

manner by the recent trends in medicine reviewed in the foregoing chapter. Preventive 
measures have virtually eliminated many illnesses which formerly made up the physician’s 
daily work. At the same time new therapeutic measures such as chemotherapy, the anti- 
biotics, and refinements in the use of blood and blood substitutes have brought to the 
general practitioner methods of curing many diseases which formerly were apt to be re- 
ferred to the specialist because of their severity. 

Another significant change is that which has taken place in infant feeding. Formerly, 
infant feeding was a very complicated procedure requiring specialized knowledge of for- 
mula adjustments. But infant feeding is no longer an esoteric mystery. Commercial prepa- 
rations for formula feeding have been so widely advertised, and are so commonly available 
that the art of infant feeding is in danger of being lost altogether. We have the definite 
opinion, however, that there is still no substitute for the knowledge and experience of the 
well trained physician in supervising the nutritional needs of the individual infant. 

As a result of many years of effort on the part of pediatricians and other leaders in child 
health, parents have learned to appreciate the actual value of having their children under 
continuous and skillful medical supervision. The public has come a long way toward 
a realization of the fact that immunizations and regular visits to the physician not only 
result in a greater measure of health but have definite economic value as well, To the ex- 
tent that sickness may be avoided, the family budget is not drained by the heavy costs of 
unexpected medical care. 


INCREASED NUMBER OF PEDIATRICIANS 


An awakened public interest and increased popular demand have, at least in part, been 
responsible for the tremendous increase in the number of pediatricians which has occurred . 
during the past generation. In 1910 there were only a few pediatricians in all New York 
State; today there are approximately 700. In 1930, when the American Academy of Pediat- 
rics was founded, there were less than 1,000 pediatricians throughout the United States. 
Now there are about 4,000. 

Is the rapid increase in the number of child specialists to continue? Should it continue? 
Should all children be in the hands of child specialists, or is it better that children should 
be the responsibility of the family physician who has taken care of their parents and 
grandparents ? 

RELATIONSHIP WITH THE GENERAL PRACTITIONER 

Important as we who are pediatricians may think ourselves, and great as is our re- 
sponsibility for children, we play a comparatively small role in the total volume of child 
care. Specialists in nearly all fields include children among their patients. Many obstetricians 
continue to take care of the newborn infant; orthopedics, as the name implies, is very 
largely concerned with the care of children; pediatric patients are also a part of the prac- 
tice of ophthalmologists, otolaryngologists, cardiologists, and one could continue through 
the whole list of specialties with the exception of geriatrics. 
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It is, however, the general practitioners who care for seventy-five per cent of the children 
in comparison with eleven per cent-of child care attributable to pediatricians and fourteen 
per cent to other specialists. Three out of every four children who are receiving any medi- 
cal attention from private physicians are getting it at the hands of the general practitioner. 

The family physician is thought by some to have disappeared with his horse and buggy, 
to have been squeezed out by the specialist on the one hand, and the public health official 
on the other. The buggy has disappeared, but the family physician has not. Fortunately, 
he is very much with us, travelling greater distances in his car, seeing more patients and 
working just as many hours as his predecessors. Despite the increasing momentum in the 
trend toward specialization the general practitioner, far from being extinct, is alive and 
thriving and doing most of the pediatric practice throughout the land. 

However rapidly the number of pediatricians has increased and continues to grow, 
there is every indication that the bulk of child care wi!l continue to be done by physicians 
in general practice. The reawakening of interest in preserving the dignity, integrity and 
training of the general practitioner is in evidence everywhere—a reaction perhaps to the 
pronounced swing toward specialization. Several factors have had a part in bringing this 
to pass. In the Armed Services, a general practitioner was at a disadvantage beside a fellow 
officer who had been certified by a specialty board. Board certification in itself was usually 
worth at least one rank higher. For example, a well-trained and experienced general prac- 
titioner might find himself serving under a junior and less experienced Board member in 
internal medicine, or perhaps pediatrics. After returning from military service, the gen- 
eral practitioners protested, more vigorously than ever before, against the importance being 
placed upon Board certification and against policies which excluded them from certain 
hospital privileges enjoyed by the Board members. 

One result of the activities on the part of the general practitioner was the organization 
of an American Academy of General Practice, which held its first meeting in Cincinnati 
in March, 1949. Attendance at this meeting was more than twice the number that had been 
expected. Subsequent meetings of various state chapters have also stimulated great interest. 


PEDIATRICIANS AND THEIR PRACTICES 


In the light of such changes, the function of the pediatrician should be carefully re- 
viewed if the specialty of pediatrics is to continue to grow in an orderly fashion. Without 
a clear concept of the pediatrician’s place in the increasingly complex structure of medicine, 
without a well understood picture of the work for which pediatricians are being prepared, 
their training must inevitably be confused and lacking in direction. 

The function of a pediatrician may be considered under certain broad headings: consul- 
tation practice, general practice for infants and children, academic and public health ac- 
tivities. A pediatrician* may develop a career along one of these lines, or he may choose 
to spread his interest over any combination. 


* The definition of pediatrician as used here follows that adopted for the purposes of the Study 
of Child Health Services: a physician who himself says that he limits his practice to children. By this 
definition we classified approximately 3,500 physicians as pediatricians in active practice. There were 
an additional 400 pediatricians not in private practice, i.e.| those in full-time academic, research, or 
administrative positions. It may be noted by way of comparison that the membership of the Academy 
is 2,236 (1949—U. S. members only) and that the 1949 edition of the Directory of Medical Specialists 
lists 2,726 pediatricians who have been certified by the Board of Pediatrics. 
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CONSULTATION 

By far the majority of pediatricians make their living in pediatric practice, in which 
general care is given to infants and chldren in health and disease, It was found impossible 
to determine how much of the practice of these physicians was made up of consultations. 
The definition of consultation is too loose and variable. Clearly, if a specialist is called 
in by a general practitioner to see a patient with him and to advise on diagnosis and treat- 
ment, the service can be considered as a consultation. But if the patient is referred by the 
general practitioner to the specialist, if the general practitioner calls the specialist on the 
telephone for advice about the dose of streptomycin in the treatment of tuberculosis, are 
such situations to be classified as consultations? Many similar equivocal cases could be 
cited, from which it is clear that no statistically reliable count of consultations can be made. 

In addition to the 3,500 pediatricians listed in the study as having at least some private 
practice, there was a smaller group of about 400—not in practice, but on a full time 
basis in research, public health or administrative positions. Those in academic positions 
account for a very considerable part of all pediatric consultations, The pediatric professor 
is in a particularly favorable situation to have problem cases referred to him, or to see pa- 
tients in consultation with other pediatricians or general practitioners, Not only does he 
enjoy the reputation afforded by his academic position, but, if he is among those receiving 
a full-time salary, he is not in competition with physicians in private practice. 

The extent to which practicing physicians refrain from calling upon consultants who 
practice in closely related fields and who are competing in the same community has an 
important bearing upon the nature of pediatric practice. If we consider that pediatric prac- 
tice is general practice for a limited age group, the pediatrician is in direct competition with 
the general practitioner. 

Let us suppose, for example, that a severe diarrhea occurs in an infant belonging to a 
family that has always had a general practitioner for the children, as well as the adult 
members of the family. Perhaps the general practitioner needs help in restoring the baby’s 
electrolyte balance, and would like to have a pediatric consultation. He may be reluctant 
to call in a pediatrician who practices in the same community, for it is not unreasonable 
that he may be fearful that thereafter the parents may wish to have the baby continue in 
the hands of the specialist. The result is that he may either go without the consultation, or 
send the baby in to a pediatric hospital service from which his patient will eventually re- 
turn and still be under his supervision. 

Similarly, the general practitioner who practices obstetrics will naturally be inclined to 
continue to take care of the newborn baby rather than refer him to a pediatrician. It is 
from obstetricians and not from general practitioners that a pediatrician may expect to 
have newborn babies referred to him—one of the factors which tends to keep pediatricians 
in urban centers where most of the obstetricians are also to be found. 

Since consultations form such a small part of pediatric practice, it is not surprising that 
pediatricians cover an increasingly broad field. The survey shows that about one-half of 
the pediatricians cared for their own patients for minor surgery, 16 per cent set fractures 
rather than referring such cases to a surgeon, and 12 per cent did tonsillectomies. It may 
also be noted that pediatricians are inclined to extend the upper age limit of their practice. 
To an increasing degree the problems of adolescence are coming within the pediatricians’ 
sphere of interest. Two-thirds of the pediatricians take care of patients through their four- 
teenth, fifteenth or sixteenth years. A few pediatricians continue to take care of their 
patients through the college years. 
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TEACHING 

One of the outstanding findings of the study of pediatric education was the amount of 
teaching done by practicing pediatricians, Of all pediatricians in private practice, 36 per 
cent reported that they spent some time in teaching, averaging about 9 hours a month. 
These are the part-time teachers whose instruction contributes so much to the pediatric 
education of the undergraduates, interns and residents. Pediatricians who give less than 
one-quarter of their time to teaching comprised more than one-half of the entire teaching 
staff of pediatric departments; and, as a group, account for about one-third of the aggre- 
gate teaching hours in undergraduate pediatrics. In addition to this time given to under- 
graduate teaching, these part-time teachers are responsible for an important part of gradu- 
ate training by virtue of their service as attending physicians on the staffs of hospitals ap- 
proved for pediatric residency. 

Also included in the group of practicing pediatricians are the many who give much 
more than the average nine hours to teaching activities. Under our present system a 
number ‘of those who shoulder the responsibility for undergraduate and graduate training 
find it necessary to do some practice in order to augment totally inadequate academic 
salaries. Almost one-fifth of the members of pediatric departments who give one-quarter 
or more of their time to the department derive their entire support from private practice. 
Furthermore, half of all the staff members serve on a part-time basis and, if they receive 
any pay at all, it is usually so meager that it represents a very small addition to their in- 
come from private practice. In reality the teaching done by these men is paid for by their 
private practice. In addition to teaching interns and residents, the pediatrician has an 
opportunity to teach parents singly and collectively as to physical, mental and emotional 
development of their children. Child training begins with training the mother, not for- 
getting father and grandparents. The pediatrician also frequently teaches on a larger 
scale, talking to parent groups and taking part in school and other community activities 
concerned with the health and welfare of children. 


PREVENTIVE CARE 

We have also shown the extent to which pediatric practice is preventive medicine con- 
cerned with the supervision of well children in comparison to the care of the sick. During 
the course of the study, more than half of the pediatricians’ daily visits were for well 
children defined as those seen for health examination, immunization, advice on feeding and 
the like. On an average day, 54 per cent of the pediatricians’ visits were for health super- 
vision and 43 per cent for the care of sick children, the remaining 3 per cent being for 
persons aged 15 or older. From one point of view the percentage of well child visits in a 
pediatric practice may be considered as an index of the importance which a pediatrician 
places on health supervision and preventive medicine. On the other hand, it may be that 
a high percentage of well child visits reflects a practice in which a pediatrician sees a large 
number of children with only a few minutes given to each for routine checkup and regu- 
lation of feeding. In such a practice a sick child in need of time-consuming examination 
may actually interfere with the office schedule and be given too little consideration. 

The average number of visits per year for practicing pediatricians lies between 5,000 
and 6,000.* Some pediatricians report that they made 16,000 to even 18,000 visits a year, 

* The term visits includes patients seen in office, home or hospital. Since pediatricians see most 


of their patients several times a year, the patient load (actual number of patients) would be con- 
siderably less. 
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two or three times the average number. These heavy loads mean an average of 40 to 70 
patients a day. Undoubtedly such practices are made up very largely of children seen for 
routine checkup and immunization. But even so, it is hard to see how a pediatrician can 
do justice to so many patients. He spends but a moment with each child and leaves the 
mother with a diet slip, printed instructions and a host of unanswered questions. At the 
end of the day he is plenty weary, but he can have little satisfaction from the contribution 
he has made to his individual patients. 

If this study were to be repeated today, it is likely that an even greater proportion of 
the pediatricians’ daily work would be concerned with preventive medicine. Three years 
ago, when the survey was made, many physicians were not yet released from military serv- 
ice. Consequently the “home front’ physicians had not recovered from the abnormal con- 
ditions of the war years, when there were fewer doctors for the civilian population and 
when, therefore, they were too busy taking care of sick patients to give much time to health 
supervision. 

Similarly the 14 per cent of pediatricians who took part in school health services and the 
28 per cent who attended child health conferences are probably underestimated. With the 
slackening of the abnormal pressure of the war years, pediatricians have again been able 
to find the time for the public health aspects of child care. They are to be found stimulating 
community action for the improvement of child health, organizing programs for the care 
of rheumatic fever patients and premature infants and sitting on the advisory councils or 
even the boards of health departments. The very fact that practicing pediatricians played 
such a large part in the conduct of the study of child health services is evidence of their 
awareness of the importance of the social and environmental factors which influence the 
health of children. 

CONCLUSION 


In the future as at present, the majority of child care can be expected to be furnished 
by general practitioners, while pediatrics continues to consist of a blend of consultation 
practice, general practice among infants and children, and teaching not only in medical 
schools and postgraduate programs, but also for parents and the lay public. The balance 
between these several factors will depend upon the pediatricians’ own interests and the 
nature of the community in which he practices. But, although pediatricians give a much 
smaller proportion of medical care to the nation’s children than the general practitioners, 
their influence undoubtedly extends much farther than indicated by statistical percentages. 
Through their contacts with general practitioners, through their position as teachers and 
child consultants, pediatricians have opportunities for informed leadership in regard to 
all matters pertaining to child health and safety. And in respect to his individual patients, 
both the pediatrician and the general practitioner are in a favorable position to mold life 
while it is still pliable, to prevent illness or if illness does occur, to restore a young pa- 
tient to healthy happy childhood. 




















CHAPTER III 
UNDERGRADUATE TRAINING IN PEDIATRICS 


HE four years spent as an undergraduate at the medical school have become well 
E poten, as the foundation of medical education. In these years, the student is 
grounded in the basic sciences; he is introduced to the major clinical branches; he gets a 
taste, or a few gulps of the various specialties, including that which later may become his 
own. Of greatest importance is his acquisition of that quality which is as essential as it is 
hard to define, spoken of rather loosely as the ‘scientific attitude.’” He is given an oppor- 
tunity to learn how to attack a diagnostic problem in an orderly method, to evaluate a 
new therapeutic procedure with discrimination, to sift out the wheat from the chaff in the 
overwhelming volume of medical literature with which he must be familiar and to 
appreciate many of the influences which affect people and determine whether they are to 
be healthy or ill. 

Nevertheless, the undergraduate years should be looked upon as only the beginning of 
the physician’s training. For the specialist—and to an increasing degree for the general 
practitioner too—the four undergraduate years are only the first part of the formal training 
which continues through two, three or more years of hospital internship or residency. 

Medical science has become highly complex and there is little likelihood that it will 
ever be less complex. It is therefore manifestly illogical to attempt to cram into the student 
during his undergraduate days all the particulate knowledge he will require whether as 
general practitioner, specialist, teacher or investigator. It is perhaps a mistake to confer an 
M.D. degree at the end of a four year medical course. The acquisition of the degree 
implies in the mind of the individual and in the eyes of the public a stamp of approval. 
It would seem to the uninitiated that the medical school had said, in effect: ‘This man has 
successfully terminated a concentrated and well-rounded course of training; he is now a 
doctor of medicine and qualified to practice his profession.” But no one realizes more 
acutely than the graduate himself how poorly he is equipped at this stage of his training. 
He still lacks the confidence and competence which come only as he assumes responsibility 
for the care of patients—a responsibility which he meets first under supervision in the 
hospital. 

There is ample evidence that medical educators and state licensing boards are recogniz- 
ing the importance of continuing medical education beyond the four year course in order 
to give the student more opportunity for practical hospital experience before he receives 
a degree or a license to practice. Seven medical schools require their students to serve an 
internship of at least one year. All except one of these schools withhold the degree of Doc- 
tor of Medicine until the year of internship has been served. There are now twenty-four 
states and the District of Columbia which have made a year of internship a requirement 
for a medical license.® 

The fact still remains, however, that except for those relatively few students who con- 
tinue their pediatric training after graduation, the undergraduate training is supplemented 
little, if at all, by hospital experience in this field. The undergraduate teaching time in 
pediatrics may be about all the opportunity many physicians have to learn of the prevention 
and treatment of diseases in childhood before they are out on their own in practice. 
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PEDIATRIC HOURS IN THE MEDICAL SCHOOL CURRICULUM 


Pediatrics is a relative newcomer in the curriculum of medical schools; in some it has not 
yet gained full recognition. The catalogue hours devoted specifically to pediatrics during 
the four year course were found to vary from 141 to 478, the average being 286. It 
seems evident that these discrepancies are too wide and that there must be something wrong 
in a school which gives less than half the average number of hours and only about a third 
as many as other schools give to problems of infancy and childhood. On the average, time 
devoted to pediatrics represents about 6 per cent of the total undergraduate catalogue hours, 
and about 11 per cent of the teaching time during the third and fourth, or clinical years, in 
the medical schools of the United States. There is little reason to believe that these figures 
are ideal, high, or low; the need quite obviously varies from school to school. Nor should 
it be assumed that the pediatric department with more hours than another is necessarily 
better. The maximum number of hours may not be the optimum number. A department 
with 400 hours may reflect a lack of integration with other departments and actually be in 
a less favorable situation than a better integrated department with fewer hours to its credit. 

The major purpose of undergraduate education being to train capabilities, rather than 
to stuff facts, little is to be gained by the all too familiar pattern of competition between 
various departments of medical schools for larger and larger pieces of the curriculum pie. 
A much more fruitful approach lies in the increasing efforts toward coordination of the 
various departments. Most students soon learn that the very nature of their training re- 
quires more knowledge of sources and deductive methods than of compartmentalized or 
unrelated facts. 

Pediatrics, dealing with all aspects of health and disease in children, calls for a par- 
ticularly broad approach. It is not a specialty in the strict sense such as ophthalmology, 
dermatology, or cardiology, which have to do with special organs or systems of the body. 
Consequently, the teaching of pediatrics should not be thought of as a subject which can 
be covered in a set number of hours. The manner in which disease affects children, and the 
factors influencing their growth and development permeate practically every part of the 
four year course. For example, courses in anatomy should give some consideration to the 
features of the child differing from those of the adult; the infant cannot have frontal 
sinusitis simply because his frontal sinuses have not developed. In physiology the student 
should learn that responses to stimuli in infants and children may differ from those in 
adults ; convulsions in children may have entirely different connotations from similar seiz- 
ures in adults. An understanding of biochemical disturbances peculiar to infants and chil- 
dren should constitute an integral part of an undergraduate course in chemistry. Courses in 
physical diagnosis should stress the point that symptoms and signs observed in infants do 
not necessarily mean the same thing in children or in adults, The way in which infants and 
children differ from adults should be given due emphasis as a part of the teaching of each 
pre-clinical and clinical subject. This being so, one cannot fairly compare hours devoted 
strictly to pediatrics in one medical school with those in another, or hours devoted to 
pediatrics with hours devoted to other subjects in the same medical school. 

A trend toward increasing interdepartment integration is evident in most undergraduate 
medical curricula;!° the importance and significance of this trend can hardly be over- 
emphasized, Weinerman™ has described one example of this trend in the teaching 
method at Bowman Gray School of Medicine, where studies in basic sciences are being 
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related to their sickbed implications; pre-clinical faculty members make hospital ward 
rounds, while residents in the various specialty branches are given teaching appointments in 
basic sciences. Such a plan must certainly have profound effects so far as departmental 
autonomy is concerned. 

The technics for breaking down rigid interdepartmental walls and blending pre- 
clinical and clinical teaching need not have an adverse effect on the time a given student 
may spend in any particular specialty. With such integration, the student may actually re- 
ceive more training in the problems of infancy and childhood than he would under a 
more strictly departmental system; the student should certainly have a better opportunity 
for correlation of knowledge received from the various undergraduate departments if 
for no reason other than the more ready availability of trained consultants in all aspects of 
medical science. 


CLINICAL TRAINING 


The best type of teaching is that gained in actual contact with patients—at the bedside 
or in the clinics, It is this part of his medical school course in which he has an opportu- 
nity to see the things he has heard about in the lecture hall; he can observe the manner 
in which the senior physician approaches a diagnostic problem; he can acquire first hand 
knowledge of the characteristics of disease and can also learn that signs and symptoms do 
not always oblige by following the textbook description ; as he follows the clinical course of 
a patient who may be assigned to him as his own patient, he can take note of the effect of 
the prescribed treatment, or perhaps puzzle over the failure to produce the desired results ; 
and he can begin to appreciate the all important fact that the practice of medicine is not 
so much the diagnosis and treatment of disease as it is the care and the management of 
individual human beings who happen to be sick. 

Unquestionably, knowledge acquired through clinical training “‘sticks better’’ than 
knowledge acquired in the lecture hall. But this type of training increases the number of 
instructors 4nd increases, too, the costs of training unless, as not infrequently happens, 
instructors can be found who will serve without financial recompense. Where increased 
costs are involved, further expansion along these lines is almost inevitably limited. 

Despite general agreement as to the importance of clinical training, marked variations 
were found in this respect. For example, one school has no in-patient clerkship whatsoever, 
and a small, hardly adequate out-patient service; another school, having a generous allot- 
ment of time for in-patient services, lacks facilities for out-patient clerkships for all its 
students ; another school is able to offer only an elective course as a clinical clerkship to 
a comparatively small percentage of its students. The actual range in catalogue hours de- 
voted to clinical work in pediatrics is from less than fifty to over three hundred; this 
means that students graduating from some schools have actually had contact with infants 
and children for less than fifty hours out of their total four year curriculum. It is clear 
that attention should be directed toward assuring a/] medical students adequate and well 
supervised clinical training. 

Another consideration which has an important bearing on the effectiveness of the clinical 
hours is the continuity of the available time. Most of those responsible for clinical teaching 
prefer ‘block time,” that is to say, a period given solely to pediatrics without interruption 
from other subjects. The student has a chance to follow his assigned patients consecutively 
and to work out the problems which he encounters day after day. In the evenings he will 
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naturally tend to read up on these problems while they are still fresh in his mind, rather 
than becoming side-tracked by some other question, During this period at least he becomes 
saturated in pediatrics. 

OUT-PATIENT TEACHING 


There has been a significant shift in the relative importance of out-patient and in- 
patient teaching. When the practice of pediatrics was concerned more with bed patients 
and less with ambulatory patients, there was a natural tendency to place first importance 
on those conditions which required hospitalization. Out-patient experience was apt to be 
looked upon as an introduction to pediatrics. The time for an individual patient in the out- 
patient department was short and there was little pathology to be found, whereas on the 
ward the instructor could spend unlimited time describing syndromes and treatments. Ac- 
cordingly out-patient teaching was usually confined to the third year, reserving the in- 
patient clerkship for the fourth year. 

Now, however, most schools give the out-patient clerkship in the fourth year and place 
much more importance on this part of the clinical training. The junior student requires 
experience in performing a careful physical examination and making a thoughtful differ- 
ential diagnosis which he can do for a ward patient. The senior student, on the other hand, 
must learn to evaluate a patient more quickly and with less laboratory tests. The chances 
are that in a busy clinic he will have less supervision and must therefore assume greater 
responsibility on his own. In short he is learning the care of patients as he will be seeing 
them in house calls and in his own office. 


TEACHING PREVENTIVE PEDIATRICS 


We have already drawn attention to the large part of private practice which is con- 
cerned with the supervision of well children, community plans for child health and the 
varied aspects of preventive pediatrics (page 517). A preponderance of pediatric practice 
and a large part of general practice are taken up with well children rather than sick ones. 
Training in respect to these important aspects of the practicing physicians’ daily work is 
conspicuously weak in the curriculum of many medical schools. 

A relatively small proportion of the care of newborn babies is in the hands of pedia- 
tricians or obstetricians who have been specially trained. Most newborn infants are under 
the supervision of general practitioners whose training has been oriented more toward the 
mother than the needs of her baby. Although training in the care of the newborn is ad- 
mittedly an important duty of undergraduate education, only half of the schools allow 
their students to examine newborn infants. Little wonder that practicing physicians some- 
times look upon these youngest patients with an air of awe and mystery. Nursing prob- 
lems and nutritional requirements are too often dependent upon the advice of the pharma- 
ceutical detail man or perhaps of the grandmother. Early behavior patterns are too often 
left to the baby and mother to work out for themselves. 

* Opportunities for the medical student to learn something of health supervision of older 
children are likewise sparse in the undergraduate curriculum. Less than half of the medi- 
cal schools provided half of their students with a chance to work in child health con- 
ferences and very few were concerned with any aspect of school health services. A few of the 
more progressive schools are exploring methods to get students out into the community 
to see for themselves the factors in the patient’s environment which affect physical and 
mental well-being, but such opportunities are open to very few. 
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FULL-TIME TEACHING STAFF 


There are so many gradations of meaning given to the term “full-term” that it is im- 
possible to arrive at a precise definition. Clinical teachers, including those considered to 
be in a full-time academic status almost invariably accept at least some consultation work. 
When staff members have private patients for whom they alone are responsible, they are in 
private practice and should no longer be considered strictly full-time. Our evaluation was 
based upon personal appraisal of individual cases. 

Here again we see a shift in the prevailing custom. Some years ago the full-time 
clinical teacher was almost non-existent. During the course of our survey of pediatric 
departments we found full-time staff in all of the schools which were given a high 
ranking by the scoring system evolved in the survey. There were 25 schools which had 
no full-time staff and these were the schools which also ranked low in other respects. 
It should not, however, be assumed that the part-time teacher is no longer an essential 
part of the teaching staff. There is no substitute for experience which comes from 
carrying a black bag from door to door and from tending an office full of patients. 
Opportunity for close contact with those who had had this experience is one of the 
most valuable parts of a student’s medical education. For this reason, the part-time 
teacher who can bring to the student some of the practical aspects of private practice 
should continue to have a prominent position on the teaching staff. 

Full-time status for the head of the department is a much debated point. It was a 
conspicuous fact that all of the high-ranking departments and none of the low-ranking 
departments had full-time department heads. A few departments function satisfactorily 
with a part-time chief and full-time subordinate, but these are exceptional. For the most 
part, the chief of a pediatric department should be on a full-time basis. 


CONCLUSION 


Curriculum planning in medical schools should take into account the large proportion 
of the practice of both general practitioner and specialist which is concerned with 
children, More attention should be given to interdepartmental integration. Medical 
schools should encourage in-patient teaching in the third year and out-patient experience 
in the fourth year in order to bring the student closer to the practical aspects of private 
practice. 

All medical students should be assured an adequate and well-supervised course of 
clinical training in pediatrics, including an opportunity to develop an understanding of 
normal newborn care, immunization procedures, mental hygiene, well-child conferences, 
school health programs, and all other community services which are organized to pro- 
tect the health and well-being of children. Furthermore, all students should have an 
opportunity to participate in activities of these various community health services in order 
to relate these more directly to private practice and our present social structure. 

A well organized pediatric department should include both full-time and part-time staff. 
The administration of a department and the direction of a vigorous research program do 
not mix well with private practice. On the other hand, teaching the art of medical prac- 
tice calls for experience with private patients in home and office as well as hospital. 





CHAPTER IV 
GRADUATE TRAINING IN PEDIATRICS 


HEREAS undergraduate education has gone through generations of molding 

V V in the hands of medical school faculties, graduate education is historically much 
younger and still seeking its proper modus operandi. Not so many years ago a physician 
might, and many did, enter pediatrics through the door of general practice with little or 
no specialty training. Before 1933 there was no certifying board in pediatrics to pre- 
scribe the number of years of training that one should have before being considered a 
qualified pediatrician. It was a matter of individual inclination and—a matter of no 
little importance—one’s financial ability to prolong the non-remunerative years of 
training. i 

THE BOARD OF PEDIATRICS 

The Board of Pediatrics is one of the several specialty Boards which have come into 
being along with the trend toward specialization which has been so outstanding in this 
country during the past 25 years. These Boards were created ‘‘to establish minimum 
standards of graduate educational and training requirements for physicians representing 
themselves to the public as being specialists, with certification by the Boards of candi- 
dates after they have been able successfully to pass the Boards’ examinations, Secondarily, 
these Boards hoped to improve the general standards of graduate medical education and 
facilities for special training.”’? 

Thus the Boards endeavor to insure that physicians who claim special proficiency in 
one or another branch of medicine actually possess the qualifications they claim. This 
presupposes special training and demonstrable capability along certain lines of work. 
Suitable evidence of this is the ability of an individual to satisfy the Board about his 
training and then to pass the examination for certification. Although a certain amount of 
flexibility is allowed in individual cases, a minimum of 5 years’ training is required as 
follows: (a) one year of rotating or one year of pediatric internship in an approved 
hospital; (b) two years of specialized residency-type training in an approved pediatric 
center; (c) an additional term of two years of specialized study or practice or a com- 
bination of the two. 

The Board of Pediatrics not only examines candidates for certification, but plays a 
very important role in determining which pediatric centers may be approved for the 
two years of specialized residency-type training. The procedure by which a hospital 
receives approval for pediatric residency is a function shared by the Board and the 
“Council on Medical Education and Hospitals of the American Medical Association. If a 
hospital wishes to become approved, it applies to the Council and receives a form to be 
filled out, giving a detailed description of its pediatric services and facilities. A visit is 
then made by one of the inspecting staff of the Council, following which a copy of the 
information and Council’s recommendation are forwarded to the Board for consideration 
at their next meeting. The Board then decides whether or not in their opinion the 
hospital in question should be accredited for one year or two years of residency training. 
In some instances, this opinion is formed upon first-hand knowledge of the hospital in 
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question; in other cases it is not. The Board then submits its recommendation to the 
Council and in due course the hospital is notified of the action taken. 

Approval for pediatric residency is obviously a matter of great importance to any 
hospital with a pediatric service. Although a pediatric residency may be looked at as a 
training ground for general practice as well as pediatrics, certainly most of those who 
apply for a pediatric residency are heading for the field of pediatrics. If one is looking 
forward to becoming a pediatrician, he also usually looks forward to becoming certified 
by the Board. Therefore, when the graduate physicians apply for a pediatric residency 
they naturally prefer one in an approved hospital. Thus it has come about that graduate 
pediatric education is, in a very real sense, guided and governed by Board action. 

At the end of the war an unprecedented demand for residency appointments was 
made by returning veterans. Consequently a procedure was developed to permit prompt 
handling of the large number of applications for approval of hospitals for residency 
training. In February, 1946, a plan was adopted to grant temporary approval pending 
inspection to hospitals that submitted sufficient information about their training programs 
to enable the Council to make a tentative evaluation of their adequacy. This program of 
granting temporary approval helped to increase the number of residencies from 504 in 
1945 to 959 in 1949. 

As of January 1, 1949, the Council discontinued the granting of temporary approval. 
Those hospitals holding temporary approval as of that date were allowed to continue to 
hold approval until a decision was reached whether to grant full approval or to withdraw 
approval. Thus the Council returned to its traditional policy of approving only those 
institutions which have actually been inspected by its representatives.'® 

Although it seemed evident that the number of approved residencies would never be 
cut back to the former level, the great demand for pediatric residencies which all 
hospitals felt directly after World War II is on the decline. In the opinion of Dr. Victor 
Johnson, for many years Secretary and currently a member of the Council on Medical 
Education and Hospitals of the American Medical Association, residency training for 
specialists should decrease in many fields. “Indeed it must decrease,’’ he states, ‘unless 
90 per cent of future medical graduates take three years of residency work in specialties. 
We must also consider the quality of residency training and the competence of the 
specialists as well as the numbers involved. Our efforts should be directed toward im- 
proved quality of training while reducing the number of residency programs except in 
certain special fields like anesthesiology and psychiatry, where manifest shortages of 
specialists exist.’ , 

For an opinion which is more directly pediatric, we may turn to the editorial page of 
the Journal of Pediatrics.° The editor points to the fact that in the past decade the 
number of hospitals approved for pediatric residency has doubled and the number of 
Positions increased threefold. ‘If this number of positions continues to be filled in 
future years, which we doubt, it would mean about 450 young doctors entering pediatrics 
as a specialty each year and eligible for certification. This would more than double the 
present number of pediatricians in a decade when it has taken over three decades to train 
the present specialists. . . . It does not take a prophet but only common sense to realize 
that the balloon of specialty training which has been so rapidly inflated in the last few 
years, will soon undergo a partial collapse, to say the least.” 

The demand for specialty training may decline, but it is unlikely that there will be any 
decline in the prestige or function of the specialty boards. They are here to stay and 
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may be expected to continue to be a controlling force in a graduate education. Criticism 
is leveled against them by those who claim that they have gone far beyond their intended 
function. Much of this criticism seems to be of that sort which is apt to be directed 
against any new force which assumes the responsibility of meeting needs which have not 
been met before. There is no question as to the need for a guiding hand in the field of 
graduate education. The specialty boards are the logical agency. If these boards are 
finding difficulties in meeting the full measure of this responsibility, attention should be 
given to augmenting their resources and staff. 


EXTENT OF THE PEDIATRICIAN’S GRADUATE TRAINING 


Although, according to present day standards, pediatric internship and residency are 
considered essential for the specialty training of a pediatrician, it is nevertheless a fact 
that about one-fourth of all pediatricians in private practice reported that they had had 
either no pediatric internship at all, or less than one year of internship on a pediatric 
service. Only about one-half of the pediatricians in private practice reported as much 
as two years of hospital specialty training. 

Upon examining this situation more closely, it appeared that for the most part it was 
the older physicians who reported little or no hospital training in pediatrics before 
starting practice, a reflection of the fact that these physicians graduated at a time when 
pediatric internships were fewer and shorter. Whereas 17 per cent of the pediatricians 
under 45 years of age had received less than one year of hospital training in pediatrics, 
the corresponding figures were 39 per cent for those between 45 and 65 years and 
70 per cent for those 65 years or older. 

Despite the increasing importance attached to certification by the Specialty Board, one- 
half of the total number of pediatricians in active practice have not been certified, and 
many of them have had no hospital training in pediatrics following graduation from 
medical school. Among these are a considerable number in the younger age groups, thus 
indicating that graduate education is even now failing to provide adequate training to 
many who are establishing themselves as pediatricians. 

As a part of the study of pediatric education, visits were made to most of the hospitals 
approved for pediatric residency. It was very evident that serious discrepancies existed in 
the quality of graduate education being provided in certain of the approved hospitals. 
In general, the number of hours spent on ward rounds and teaching conferences ap- 
peared satisfactory. There were, however, some notable exceptions to this general 
statement. 

In 1930, the White House Conference on Child Health and Protection set forth 
certain recommendations for minimum teaching facilities. It was stated that there should 
be: 50 beds for infants and children under the control of the head of the department; 
10 bassinets for newly born infants in a maternity hospital or division under the control 
ef the pediatric department; an outpatient clinic with a ratio of at least 10 new pediatric 
admissions yearly for each student in the senior class; a well-baby clinic for teaching 
normal feeding, growth and development; affiliation with a hospital for contagious 
diseases.1* It is very revealing to note how many of the 158 approved hospitals in- 
cluded in our survey failed to meet these standards established fifteen years ago, There 
were 54 hospitals which had less than 50 children’s beds available for residency training ; 
in 20 hospitals the residents received no training whatsoever in the care of newborn 
infants; and in an additional 21 hospitals the pediatric department did not have direct 
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control of the nursery; 10 hospitals provided no outpatient training to their resident staff, 
or an amount so small as to be negligible. Only 99 hospitals offered training in child 
health conferences, and only about half of all the assistant residents and residents in 
training participated in the conferences, About half of the hospitals did not afford ade- 
quate inpatient experience in contagious disease, yet these same hospitals train one-quarter 
of the residents. 

The deficiencies revealed by these comparisons are particularly important in respect to 
training in the care of newborn infants, the growth and development of normal children 
and their mental and emotional adjustments. It was mentioned above that over half of 
pediatric practice is concerned with well-child supervision, a term which included regula- 
tion of infant feeding. Yet in the residency training program, most if not just about all 
of the emphasis is placed upon diagnosis and treatment of disease; the rarer and more 
obscure the case, the more interest it arouses. Well-baby clinics are less exciting and they 
take relatively little of the resident’s time or attention. Experience with normal newborn 
infants: is conspicuously deficient in pediatric residency training, as is very evident from 
the fact that in 20 hospitals the residents received no training whatsoever in the care of 
newborn infants. 

The time has come when a teaching service should no longer be considered adequate 
if it fails to give the residents an appreciation for preventive pediatrics, mental hygiene 
and the supervision of normal growth and development. The teaching staff must be 
responsible for bringing out the fascination and drama of working with well children, 
as they are accustomed to do with sick ones. 

At the same time it must be admitted that the 54 per cent of pediatric practice which is 
concerned with preventive medicine-and the public health aspects of pediatrics cannot 
in any sense be taken as a precise guide for a comparable allocation of the resident's 
daily schedule. Knowledge of the fine points of an obscure differential diagnosis or the 
skillful use of our therapeutic armamentarium must necessarily continue to be a dominant 
element of a successful graduate experience, But it is when the ability to diagnose and 
treat sick children is matched by equal ability in the care and management of well children 
that a pediatrician will gain pre-eminence in his profession. 

The gap which exists between the residency training program and the workaday prob- 
lems of pediatric practice has been so well expressed in a letter from one of our senior 
pediatricians, that he is quoted anonymously as follows: 

“When I finished my hospital work, I had the self assurance and cockiness that goes 
with completion of specialty training—not egotism, but belief and conviction that I had 
been prepared for pediatric practice in any locale. After two weeks in practice in a small 
town of 18,000, as the only pediatrician within a 30 mile radius, came the awakening. 
Of course my basic training had been adequate; each symptom suggested a train of many 
diagnoses, the required blood chemistries flashed through my mind, a serious illness 
required hospitalization! But alas—this was to be pediatrics in a small town: blood 
chemistries required special apparatus and technical ability, hospitalization was beyond 
the financial and educational grasp of many! Here was a situation in which hospital train- 
ing of blood chemistries was of no avail. The patient was a clinical individual, requiring 
clinical diagnosis only and clinical treatment on/y. My vast knowledge of chemical figures 
was subjugated to clinical acumen. My general practitioner colleagues had been practic- 
ing pediatrics for years, and in consultation were impressed by my knowledge of various 
blood chemistry findings, but were more concerned with the status of the patient and 
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what could and should be done for a cure. They were not being unreasonable, they 
were being practical—they were practicing small town medicine. 

“I spent four years under this environment, and am very thankful for it. I often call 
it my ‘four year residency.’ It brought me face to face with ‘pediatrics’ as it is practiced 
in the greater part of our country and by the majority of physicians doing child care 
(pediatrics). Since my return to a pediatric teaching center, I am more fully cognizant of 
the need for some change in our training of pediatricians. Not only for the sake of the 
pediatrician, but as well for the physician away from the training centers. They, too, are 
anxious to broaden their pediatric ability and knowledge, and in my experience were 
desirous of learning all I had to offer, but at a practical level—at least until their 
hospitals were able to carry out the finer technical chemical procedures and until the 
facilities of the hospitals were available to all their patients. 

“Yes, a pediatrician should remain a pediatrician, but he must not forget he is also a 
general practitioner to infants and children, Because we have forgotten this fundamental 
premise, psychiatry has taken from us the field of emotional and mental treatment of 
children. We are now once again reminded and agreed that the psychic and somatic 
equivalent of all human beings from birth to death go hand in hand, and one is 
dependent on the other for proper functioning. This is not a new or startling discovery ; 
I am sure our ‘old-time pediatrician’ started with that understanding; but somewhere 
along the line, in our haste to become specialists, we forgot that our patient, the infant 
or child, was only one item in a family unit, and his complete well-being was dependent 
on many factors. Now, once again, we are striving to return to this basic component, and 
our specialty of pediatrics shall be enriched by its need. 

“What then shall we do? I don’t pretend to know the complete answer. But I feel 
sure that part of it can be found in the smaller towns and with the general practitioner. 
Send our residents into the smaller towns, near and afar, for part of their training. They 
will not only experience the practice of pediatrics in the smaller towns, but also gain an 
incalculable background to enhance their ability to practice the complete art of pediatrics 
whether their final choice is a small town or a larger city. With them is carried the 
latest knowledge of pediatric learning for which the general practitioner will be grateful. 
Of course the resident will not have supervision; but he will not have this part of his 
training before the closing months of his residency, when his formal supervised training 
should have taken root, and his personal judgement will be proven for self confidence 
before his ‘jump’ into private practice. This is not the final solution—my thoughts and 
ideas are still in the molding process of development. The future of pediatrics is in the 
hands of the resident being trained today and tomorrow. Make him aware of the pediatric 
problem of the small town general practitioner, of the small town hospital, of the small 
town health department, of the small town patient! Who knows but what one of these 
residents in just such a small town locale may come forth with the complete and practical 
answer to our problems.’’!7 

It is clear that more attention should be given to bringing the pediatric resident closer 
to the actualities of pediatric practice. All hospitals approved for pediatric residency 
should provide experience, either on their own services or in an affiliated hospital, in the 
care of normal newborn infants. The pediatrician should be prepared during his training 
to meet the problems presented to him by a mother with her newborn infant. He should 
have had experience in well-baby clinics and be thoroughly familiar with the character- 
istics of normal growth and development, and he should know the nature and scope of 
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services rendered by community health services and the help available from public health 
nurses. 
EXTENT OF THE GENERAL PRACTITIONER'S TRAINING IN PEDIATRICS 
In the preceding chapter, it has been shown that undergraduate pediatric education is 
not uniformly good, and in some spots is definitely weak. It is, however, all the pediatric 
training that some physicians get before they assume responsibility for the care of children 


in their own practices. 


The information obtained directly from the questionnaires returned by the general prac- 
titioners indicated that approximately 17 per cent had had no hospital training at all 
following graduation from medical school, and an additional 4 per cent had received 
less than one year, Thus 21 per cent of the general practitioners had had less than a year 
of intern experience. 

In a further analysis of these figures, it appears that 46 per cent of this group who 
had received less than a year of hospital training were over 65 years of age. It may be 
assumed, therefore, that these general practitioners, as already noted in the case of 
pediatricians, received their medical training in earlier years before hospital internship 
was as generally required of as available as at the present time. 

In addition to this information on general internship, data were obtained specifically 
for the amount of training in the field of pediatrics. All physicians were asked to record 
the number of weeks spent on 4 pediatric service during hospital internship of residency. 
About half of the general practitioners had received less than one month of training, Of 
had no pediatric service at all. 

It is not surprising that such a large proportion of general practitioners enter practice 
with little or no hospital training in pediatrics if one recognizes the dearth of available 
opportunities for pediatric intern training. At the time of the study, two out of five 
graduates received pediatric intern training in hospitals approved for pediatric residents. 
Two-thirds of this number served for six weeks or less. The average duration of training 
in other hospitals which are not approved for pediatric residency is certainly not greater 
than that in the approved hospitals. 

A significant step toward meeting the need for more opportunity for graduate training 
for the general practitioner is the creation of a residency in general practice. In December, 
1948, the Council on Medical Education and Hospitals of the American Medical Associa- 
tion included for the first time in the “Essentials of Approved Residencies and Fellow- 
ships” a residency specifically designed for the physician who intends to enter general 
practice. It was recommended that this training be of two years’ duration beyond the 
internship, that these general practice residencies should be flexible, both as to content 
and duration, depending upon the special needs of the individual and the community in 
which he intends to practice, and that in the two years of training a minimum of one 
year should be devoted to internal medicine and medical specialties, including psychiatry. 
The second year should include advanced training in obstetrics and pediatrics (including 
contagious diseases) of at least four months’ duration in each."* 

Training programs of this type have already been developed in a number of teaching 
hospitals. They should be encouraged and particular attention given to their pediatric 
component. Emphasis should be placed upon including at least four months, and pref- 
erably six, on an approved pediatric service. 

In order to provide a sufficient number of places for these physicians training for 
general practice, children’s hospitals and pediatric units of general hospitals should offer 
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rotating internships or residency appointments for short periods of time. Pediatric chiefs 
are naturally reluctant to have members of their house staff serve for brief periods of 
only a few months, A rapid turnover may result in more of a drain on the service than is 
compensated for by the services of the resident. Nevertheless, if more practitioners are 
to receive better training in pediatrics, it is clear that more opportunity must be provided 
by the pediatric teaching centers. 

Another step to assure that physicians entering general practice have had at least some 
pediatric training could well be given serious consideration by state licensing boards. In 
view of the prominence of pediatrics in general practice, the current membership of all 
state licensing boards* was examined and found to include only four pediatricians certified 
by the Board of Pediatrics. Undoubtedly, there are other members of state licensing 
boards who have real interest and competence in pediatrics, but even so we cannot escape 
the conclusion that in many states pediatrics is given less attention than it deserves in the 
examinations for licensure. 

State pediatric groups, whether sections of the medical society, pediatric society, or 
state chapter of the Academy, would do well to look into the requirements for licensure 
with particular reference to (1) the amount of hospital training in pediatrics which is 
required and (2) the pediatric content of the examination. In those states where too 
little attention appears to be given to pediatrics, steps should: be taken to increase the 
time on a pediatric service during internship and to give a separate examination in 
pediatrics or at least to include pediatric questions on a general examination. 


POSTGRADUATE TRAINING 


The terms “graduate’’ and ‘“‘postgraduate” are often used interchangeably when 
applied to medical education, It may be useful, however, to restrict the use of ‘‘graduate” 
to the period of hospital internship and residency, while the “postgraduate” period begins 
when the physician leaves the protecting walls of the hospital. Although there is often 
no sharp line between the two, the terms have been so used for the purposes of this 
discussion. 

The pediatrician who has had sufficient hospital experience to qualify him for certifica- 
tion by the American Board of Pediatrics usually requires no additional formal post- 
graduate training. To be sure he must be diligent in keeping up with the rapid advances 
in medicine in general and his specialty in particular. But it is seldom that a pediatrician 
does not have abundant opportunity to do so through his contacts with his associates, 
attendance at hospital staff conferences and the numerous local, regional and national 
pediatric conferences. 

Unfortunately there exists at the same time a greater need and less opportunity for 
postgraduate pediatric training for those who limit their practice to children or whose 
practice is so largely children that they prefer to be considered pediatricians but who 
have not had sufficient training to qualify them for Board approval. Because they lack 
Board certification, these physicians may be excluded from membership in national and 
local pediatric societies and excluded therefore from the education and stimulation which 
meetings of these societies affard. This is a problem which clearly calls for attention. 

For the general practitione: also there is an urgent need for more opportunities for 
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postgraduate pediatric training. A beginning of a solution lies in the fact that there are 
now 39 postgraduate courses in pediatrics given by 19 medical schools and hospitals, 
varying in duration from a few days to one year or longer.** A few of these courses 
extend throughout an academic year and are recognized by the Board of Pediatrics as 
equivalent to one year of pediatric residency. 

These postgraduate courses are of well established value but they do not answer the 
problem for many of those whose need is greatest. Physicians who have already started 
practice are unable to find the time away from patients and family to attend such inten- 
sive courses. Ways and means must be provided to bring the teaching to the doctor rather 
than the doctor to the teaching. Methods of achieving this end are described in the next 
chapter under the heading of ‘Regional Planning for the Decentralization of Pediatric 
Education and Services.” 

CONCLUSION 


Graduate training in pediatrics, to a large degree, comes under the influence of the 
Board of Pediatrics, Although originally designed only to examine candidates qualified 
for certification, it now plays an important role in approval of hospitals for residency 
training and hence in maintaining standards of specialty training. The Board should be 
more adequately supported and strengthened to meet its expanding responsibilities. 

More attention should be given to bringing the pediatric resident closer to the actualities 
of pediatric practice. All hospitals approved for pediatric residency should provide ex- 
perience, either on their own services or in an affiliated hospital, in the care of normal 
newborn infants. The pediatrician should be prepared during his training to meet the 
problems presented to him by a mother with her newborn infant. He should have had 
experience in well-baby clinics and be thoroughly familiar with the characteristics of 
normal growth and development, and he should know the nature and scope of services 
rendered by community health agencies, such as well-child conferences, school health 
services and the help available from public health nurses. 

Residencies for general practice should be encouraged and particular attention given to 
their pediatric component. Emphasis should be placed upon including at least four 
months, and preferably six, on an approved pediatric service. In order to provide a 
sufficient number of places for physicians training for general practice, children’s hospitals 
and pediatric units of general hospitals should offer rotating internships or residency 
appointments for short periods of time. 

State pediatric groups, whether section of the medical society, pediatric society, or state 
chapter of the Academy, would do well to look into the requirements for medical 
licensure with particular reference to (1) the amount of hospital training in pediatrics 
which is required, and (2) the pediatric content of the examination. In those states 
where too little attention appears to be given to pediatrics, steps should be taken to 
increase the time on a pediatric service during internship and to give a separate examina- 
tion in pediatrics or at least to include pediatric questions on a general examination. 

Hospital staff conferences should place greater emphasis on the diseases and health 
problems of children. If there are no pediatricians on the hospital staff, visiting lecturers 
and consultants should be invited for this purpose. And finally, more attention should be 
given to the pediatric content of state and local medical society programs, especially the 
general postgraduate assemblies that are held from time to time throughout the country. 





CHAPTER V 


REGIONAL PLANNING FOR PEDIATRIC EDUCATION 
AND SERVICES 


N THE foregoing chapters it is made very clear that two of the most outstanding 

needs emphasized by the Study of Child Health Services and Pediatric Education are: 
(1) to provide better training for the physicians who are taking care of children—whether 
general practitioners or specialists, and (2) to make available to children in remote and 
outlying areas the same high quality of medical care that exists in and around our large 
medical centers. 

To meet this two-fold need, a solution is evolving which has as its keystone regional 
planning for the decentralization of training which carries with it a better distribution 
of medical care into the very areas where the greatest deficiencies have been shown to 
exist. This concept is not new or original. It has been receiving a great deal of emphasis 
particularly in relation to hospitals and to a lesser degree in relation to medical schools. 

Hospital planning on a regional or decentralized basis is now a familiar pattern. 
Prompted by the urge to do something about the maldistribution of hospital facilities, 
large general hospitals have extended a helping hand to smaller community hospitals. 
A small community hospital cannot usually afford, and should not have to afford, all the 
elaborate, expensive equipment to be found in the medical center with its highly specialized 
research laboratories. Through affiliation with the medical center, the limited resources 
of the community hospital can be supplemented by the greater resources of the medical 
center. In military parlance the situation is analogous to the base hospital supporting one 
or more advance units. 

One of the strong motives lying behind this movement has been the urge to induce 
well-trained physicians to practice in rural areas. Lack of hospital connections has been 
one reason why practitioners have been reluctant to settle in small communities, Clinics 
and staff meetings have been a stimulating and enjoyable part of the physician’s training. 
When he is deciding where he will practice, he will be very apt to choose a spot where 
he can continue with the professional associations to which he has become accustomed. 
If a two-way bridge is built between the outlying community hospital and the medical 
center, there can develop an interchange of professional talent and laboratory services. 
Roentgenologists, pathologists, and other specialists and consultants from the base hos- 
pital can support the service of the local hospital. Specimens for examination can be sent 
to the fully equipped central laboratories. Hospital residents as well as senior staff 
members can extend to the small hospital some of the academic and research advantages 
of the.teaching center. 

For more than 25 years, regional hospital planning has been a major concern of 
private foundations. The Commonwealth Fund has supported experimental projects in 
several areas, notably the Council of Rochester Regional Hospitals, ‘‘a voluntary associa- 
tion of hospitals and their staffs in the interests of good hospital and medical care.” The 
Bingham Associates Fund operating in New England grew out of an appreciation of 
the isolation of the rural physician and has provided the means of bringing diagnostic 
aid, hospital services, and postgraduate education to hospitals in Maine. The Kellogg 
Foundation has also entered the field with support for a program in Michigan and has 
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made large sums of money available to institutions in other parts of the country for the 
development of decentralization systems. 

The largest supporter for the expansion and integration of hospital facilities is the 
Federal government. In the appropriations which Congress approved in 1949 was an 
amount of $225,000,000 for hospital construction projects over a 3 year period. This is 
the now well known Hill-Burton Program which was authorized by the Hospital Survey 
and Construction Act of 1946. The government plans for hospital integration propose 
four major elements: the base hospital or medical center, the district hospital, the com- 
munity hospital and the community health center. The base hospital would become the 
hub at which there would be training for professional personnel, research, facilities for 
expert diagnosis and treatment of complicated cases. From the hub, service would radiate 
outward to several district hospitals. The latter would be the intermediate element in the 
system with staff and equipment adequate for major surgery and the functions of the 
principal specialties. The community hospital, the third element in the system, would 
provide limited service to the surrounding neighborhood and, by virtue of its affiliation 
with the regional system, it would be able to draw on the resources of the district 
hospital or if need be the base hospital. Finally, the rural community health center would 
serve outlying areas, functioning as a diagnostic clinic or out-patient center for referral 
of patients in to the larger centers for medical and hospital service. 

This scheme is one part of the Federal Security Administrator's ten year program for 
the nation’s health, There is much to commend it, much that has grown out of earlier 
experimentation by voluntary agencies. But there are also serious obstacles. The construc- 
tion of a community hospital with the help of Federal money does not guarantee that there 
will be funds available to maintain the hospital once built. And although the presence of 
a hospital in the community may be an inducement to the location of physicians in that 
community, it does not necessarily follow that well-trained doctors, nurses, and tech- 
nicians can be found to staff the hospital. Bricks and mortar do not of themselves bring 
good medical care to a community. Only when a hospital construction program is supple- 
mented with the means of running the hospital and is assured of a well-trained staff, will 
the system achieve its purpose. 

Decentralization thus involves not only construction of hospitals and their integration 
with a regional hospital system, but also involves extension of teaching services and the 
services of professional personnel. The medical school and its teaching hospitals are there- 
fore essential factors. 

In the past, and to some extent today, many medical schools seem to have had little 
concern with the communities in which they are located. Their ivory towers have been 
protected from the workaday world in order that research and academic pursuits might 
flourish undisturbed, In these institutions, service to sick people is incidental to training 
of their students. 

“Medical schools are no longer merely centers for undergraduate instruction, more or 
less isolated from their community.” So reads a recent editorial in the Journal of the 
American Medical Association. ‘American medical schools are making increasing contact 
with all phases of medical care. The community looks to its medical schools for leader- 
ship in formulating and directing better forms of medical service. Medical schools are 
accepting this challenge and, within the capacity of their resources, are seeking to place 
their personnel and facilities at the service of the people of the area in which they are 
located. . . . 
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“Today the medical school is an acceptable agency for integration of the medical and 
health resources in a community-wide cooperative program for the better health of more 
persons. In achieving this objective, the medical schools of this country will require 
greatly increased financial support . . .””"?® 

From the point of view of pediatrics, or more specifically, in order to meet the need 
of a better distribution of good medical care for children, decentralization of graduate and 
postgraduate training has a great deal to offer. It obviously does not meet the entire 
problem, but it does answer a large part of it. Hence it is pertinent to look closely at the 
experience already gained throughout the country in the various programs, several of 
which have been operating for many years. Even though much of this experience is 
general and not particularly pediatric, it can throw light upon methods of attacking the 
special problem. 


THE BINGHAM ASSOCIATES 


The medical program of the Bingham Associates Fund is historically the first 
organized attempt to bring directly to rural physicians the advantages of the medical 
school, hospitals and clinics of a University medical center, The Fund was instituted 
under the laws of the State of Maine in 1931. One small local hospital in Oxford County, 
Maine, was supplied with equipment which it lacked. A full-time technician was installed 
and a resident physician assigned. Clinics were initiated about once a month to which 
all the local doctors were invited and to which they might bring their puzzling cases to 
be worked up prior to the clinics. These clinics were presided over by the Clinical Pro- 
fessor of Medicine of Tufts College Medical School and his assistants. Shortly there- 
after a diagnostic ward was established in the Boston Dispensary which soon expanded 
to the Joseph H. Pratt Diagnostic Hospital of Boston. Thus, there was established a 
decentralization program which had as its clinical base the Pratt Diagnostic Hospital and 
as its teaching base the Tufts College Medical School. There are now two large regional 
centers: The Central Maine General Hospital at Lewiston and the Eastern Maine General 
Hospital group served by Bangor. Each of these regional centers serves approximately 
13 small community hospitals. 

The program is divided into three parts: diagnostic aid, hospital extension service and 
postgraduate education. Under the heading of diagnostic aid, help is available to the 
physicians in the small community, either directly or channeled through his local hospital. 
When the physician believes that local or nearby hospital facilities for study are inadequate 
to meet the needs of a given case, his patient may be sent to either the larger district 
hospital or to the diagnostic hospital in Boston. Decision in this matter rests with the 
referring physician. The hospital extension services include diagnostic aids in pathology, 
electrocardiology, radiology, other laboratory tests, dietetics and library assistance. 

Under the heading of postgraduate education is a series of refresher courses and also 
rotation of interns and residents to outlying hospitals. According to a report of a study 
of the Bingham Associates made by Dr. Howard M. Kline and Dr. Milton Terris in 1947 
for the American Public Health Association, the postgraduate education program grew 
out of a demand for residency training for young physicians returning from military 
service.*° Assistant residencies were offered in Maine and Massachusetts consisting of 
three months at the Pratt Diagnotic Hospital, six months in a district hospital and three 
months in a community hospital. In view of the serious nationwide shortage of physicians 
in rural areas it is of considerable interest that one-half of the 32 veteran physicians who 
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took assistant residencies in Maine and Massachusetts established their practices in rural 
areas, usually the area of their residency. Of the 8 physicians who have held assistant 
residencies at a general hospital in Maine under the veteran training program, 4 established 
their practices in Maine. 

Following initial success of this one year resident program, the plan was extended to 
provide for a more well-rounded course of training for general practitioners and special- 
ists. The general practitioner training program was planned to include a one year rotating 
internship in a district hospital and a second year at the Pratt Hospital in medicine, 
surgery and specialties. 

A teaching resident was found to be essential in each area for the development of an 
educational program in the participating hospitals. The teaching residents receive a one 
year appointment which includes the title of instructor in medicine in the postgraduate 
division of Tufts College Medical School. It was felt that the teaching resident should 
spend a full year in his designated area because of the time required to develop optimal 
relations with the local practicing physicians, house staff and other personnel. 

More recently, with the help of financial support from the Rockefeller Foundation, 
a hospital extension program was established in Western Massachusetts. The program in 
this area differs from the situation in Maine in that there is no district hospital interposed 
between the base or teaching hospital and the community hospitals. The program in 
Western Massachusetts began with 4 hospitals of 100 to 150 bed capacity. Under the 
heading of Conclusions in their report, Doctors Kline and Terris state: 

“The Bingham Associates program for hospital regionalization is firmly established 
in New England. There is little doubt that it has made important contributions to 
elevating the quality of care in the areas studied and has benefited the hospital, 
physician, and above all, the patient. It has nationwide significance in that it demonstrates 
the practical fulfillment of the medical school’s responsibilities in improving the quality 
of medical care in its community and its region. 

“The Bingham program has helped improve hospital services and attract competent 
young physicians to rural practice. The diagnostic service and the educational opportuni- 
ties for physicians and other personnel have undoubtedly resulted in more effective care 
of patients in rural areas. It would be an error, however, to think that the Bingham plan 
is necessary or applicable only to rural communities. The staffs of small hospitals in 
urban areas also require the stimulating influence of the university hospitals and should 
not be overlooked in any plan of regional services. . . . 

“While the program of hospital extension services and postgraduate instruction re- 
quires financing which is moderate in view of total hospital costs, it is nevertheless an 
item which must be met from some source. Various foundations are now subsidizing 
similar demonstrations of regionalization, but they cannot be expected to continue support 
on a permanent basis. Nor can the medical schools, faced in many instances with difficulty 
in maintaining present activities, be expected to finance regional programs unaided. 

“It is therefore suggested that state and federal public health agencies, in view of 
their legal responsibilities for hospital planning, construction and licensure, as well as 
their long-term interest in improving health services, should begin to plan for financial 
assistance to and collaboration with the nation’s medical schools and teaching centers in 
a common effort to raise the quality of medical care through regionalization, Serious con- 
sideration should also be given to utilizing the regional approach in the organization of 
health department services in order to facilitate coordinated activities by hospitals and 








536 THE AMERICAN ACADEMY OF PEDIATRICS 


health departments. The Bingham Associates Fund has provided convincing proof of 
the value of regional organization.” 

In the special field of pediatrics there are three aspects of the broad program of 
undergraduate and postgraduate education coming from the Department of Pediatrics of 
the Tufts College Medical School. (1) Postgraduate courses in pediatrics are offered for 
general practitioners who wish to go to the teaching centers for a refresher course in 
pediatrics. Some of these courses are limited to pediatrics; others offer pediatrics as a 
part of a general review of medicine. (2) The department of pediatrics is now under- 
taking to rotate residents through the district hospitals for periods of three months, the 
remaining nine months of the year being spent in residency training at the Boston 
Floating Hospital. (3) Physicians training for general practice are offered a service of 
3 months in pediatrics in the teaching center. 


THE ROCHESTER PROGRAM 


In 1946 the Commonwealth Fund, on the background of some twenty years’ experience 
in building and developing community hospitals, allocated $275,000 per year for a five- 
year program known as the “Council of Rochester Regional Hospitals.” The purpose in 
establishing the Council was “to experiment, to learn, and to demonstrate how the 
existing resources of small communities, whatever their present standards, could be 
supplemented and assisted to improvement by a close working relationship among them- 
selves and with a large community functioning as a regional medical center.’’*1 

The plan was based on the principle that the hospital is the focal point of modern 
medical care. It is here that patients, physicians, nurses, and social workers are brought 
together and it is here that action can most profitably be concentrated. The hospital pro- 
vides a natural contact with the scattered practitioners, Practically all doctors living in 
rural areas or small towns are affiliated with the community hospital, if there is one. 
If there is no hospital in their community, they will travel to the nearest town. 

The Council now covers eleven counties with a population of about a million people. 
Its base is the University of Rochester Medical School with its large afhliated general 
hospitals. There are at present about 30 hospitals belonging to the Council, ranging in 
size from 30 beds to 250 or 300 beds, most of the hospitals being between 50 and 
100 beds. 

When the program was first being launched, a survey was made of the hospitals 
throughout the area. As in the nationwide survey, so also in this smaller survey, there 
were very wide variations in the quality of hospital services. In several hospitals no 
autopsies were done, even though many deaths occurred; other hospitals had no medical 
records; and most of the hospitals had no pre-operative diagnoses, Follow-up care, par- 
ticularly in the cases of premature births, varied from excellent to none. Many of the 
hospitals, particularly the smaller ones, did not have any intern or resident staff. 

Now, with the program having been in operation about three years, there has been 
successful integration of hospital administration. Individual administrators, hospital 
trustees, directors of nursing, and physicians have come to realize that the Council is a 
valuable source of information and help in the solution of many problems which pre- 
viously had to be dealt with locally and individually. Postgraduate educational oppor- 
tunities have been made available for all physicians of the region in order “to break 
down any artificial isolation of the rural physicians from opportunities equal to that 
offered his city colleagues in the matter of continuing his education and keeping abreast 
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of the advances of medicine.” Interns and residents are now rotated to some hospitals 
where the service is sufficiently large and the quality of hospital practice has been found 
to meet reasonably high standards. In addition, consultative services are available from 
the medical center in pathology and radiology. 

It was surprising to those closely associated with the Council to find how quickly the 
local hospitals welcomed the idea. The autopsy rate has gone up in all of the hospitals. 
Medical records have been established. Pre-operative diagnoses have been made in nearly 
all instances. Some of the residents and interns who have rotated through these com- 
munity hospitals have found that a town of 10,000, 5,000 or even less, offers some real 
opportunities for a good general practitioner. 

Dr. Albert D. Kaiser, Health Office of Rochester, N.Y., in a recent communication to 
PEDIATRICS,”? comments upon this program as follows: 

“The experiment has demonstrated the feasibility and almost immediate success of 
this educational program for an area of considerable size. Intensification of the methods 
described can bring about a greater improvement but it must be a continuous program 
rather than a sporadic one.” 

“I believe it is a pattern that could be used in most of the states, with such modifica- 
tions as are necessary, depending upon the medical facilities existing in a large center. 
Even in the absence of a medical school in large centers, the average city general hos- 
pital has, I am sure, in most instances, the personnel to assist the small hospitals to 
improve their educational opportunities. 

“Tt is my belief that some of the inadequacies in medical care known to exist in 
smaller communities could be met in a regional health program. Utilizing the hospital 
offers a more direct approach to the problem and promises to bring substantial benefits 
to communities where such a program is carried on.” 


THE MICHIGAN PROGRAM FOR DECENTRALIZED RESIDENT TRAINING 


At the close of the war, the University of Michigan obtained a grant from the W. K. 
Kellogg Foundation for the purpose of establishing a decentralized resident training 
program. The objectives of this program were to provide more opportunities for 
specialist training and at the same time to bring day by day continuous postgraduate edu- 
cation to general practitioners through the medium of regional and community hospital 
teaching services.”° 

The principles upon which this program was based are similar to those that have been 
discussed above, but they have been so clearly stated by Dr. Charles F. Wilkinson, 
Coordinator of Graduate Medical Education at the University of Michigan Medical School, 
that they warrant repetition: 

1. Medical schools can no longer hope to prepare an individual for the practice of 

medicine for more than four or five years after graduation. 

2. A physician can continue his own education, but this is not likely to be the most 

efficient method by which his skill can be maintained. 

3. A medical school’s primary obligation is to the undergraduate, but scarcely less 

important is its obligation of educating residents and practicing physicians, 

4. This is especially true of tax-supported institutions in their relation to the practicing 

physician. (The University of Michigan is a State University.) 

5. A medical school’s influence should, wherever possible, be carried to the physician, 

as well as offering more formal training on the campus. 
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6. Short courses are valuable but do not obviate the need for planned day-by-day 
stimulation. 

7. The best place for this day-by-day stimulation is in a hospital where the physician 
practices. 

8. Ideally, the practice of medicine should be made up of three components: A. The 
care of the sick. B, Teaching of undergraduates, residents or other physicians, C. 
Some type of investigative work. 

In order to participate in the program, a hospital must meet certain basic teaching 
requirements including daily teaching ward rounds and weekly clinical conferences. An 
interesting feature of the program is the provision that, during the second year of 
residency training, a resident comes from the affiliated hospital to the University of 
Michigan to spend a year or nine months in the study and review of basic sciences in 
relation to their clinical application. 

It is evident that in developing the residency training program attention was first 
given to specialty training. More recently a special program for the training of general 
practitioners was introduced.?* A general residency was established with two years 
of preparation for general practice with an optional third year. The two years are 
divided between the University Hospital and one of the affiliated hospitals. The first year 
is a usual type of rotating internship. The second year includes two months of pediatrics 
at the University Hospital ‘during which time well baby care and infectious diseases will 
be stressed.” 

With specific reference to the residency training for pediatricians, decentralization has 
gone a long way in Michigan under the guidance and stimulation of Dr. James L. Wilson, 
head of the Pediatric Department and former Chairman of our Committee for the 
Improvement of Child Health, Assistant residents and residents from the University 
Hospital have spent two to six months in affiliated hospitals in Traverse City, Marquette, 
Coldwater and Saginaw. Two of those who served in this program at the Saginaw 
Hospital are now intending to return to practice in this city. 

In this area, decentralized pediatric training has developed in an experimental and 
opportunistic manner. In the eyes of those who have been close to it, the experience has 
been of real value and can be used as a guide for the further development of similar 
systems elsewhere. The State University has been able to extend its teaching and service 
more widely; the local hospitals have benefited from the addition to their staff of 
residents from the University Hospital; and the residents have gained experience which 
they could not have had at the University center. 


DECENTRALIZED PEDIATRIC RESIDENCY TRAINING IN ILLINOIS 


The residency training program of the Department of Pediatrics at the University of 
Illinois has also gained valuable experience in respect to decentralization, This program, 
specifically pediatric, has been developed by Dr. Henry Poncher, Professor of Pediatrics at 
the University, who expresses as follows some of his thoughts on the problems 
involved :?5 


“We include a six-month period of training at an outlying community hospital as 
part of our residency program, first, because we recognize the need for bringing the 
skills and services of a teaching center to the physicians and people of the state, and 
second, because we believe that the services in selected areas of the state could bring 
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something to the training of the prospective pediatricians which a service in a medical 
center cannot provide as effectively. 

“Regarding the third point—the relative lack of physicians with pediatric training 
outside urban centers—we have not as yet begun to scratch the surface of the needs of 
large areas of our state for the improvement of child care. The established facilities have, 
however, demonstrated the superiority of this type of program in contrast to refresher 
courses and other short-time postgraduate courses in elevating the professional standards 
of infants’ and child care. The constant interchange of personnel and ideas between the 
teaching and the community centers, the establishment of the continuous program of 
clinical and pathological conferences, journal clubs, teaching rounds, and preceptorships 
in the community hospital all serve to develop an alert professional group which cannot 
help but provide for effective medical care to the pediatric patient. Furthermore, during 
these services, the residents tend to become interested in the role of the pediatrician in 
the outlying centers, the advantages of practice in similar communities and the economic 
opportunities. The realization that professional isolation need not be the penalty for 
practice in these communities is illustrated to the residents by the very program in which 
they participate. 

“Regarding the second point, it is our opinion that the services in the outlying centers 
have provided an opportunity to study some aspects of pediatrics more advantageously. 
Thus, the resident may be exposed to the functions of the various community agencies 
involved in total child care and their daily operation. Thus, services for crippled children, 
rheumatic fever, infant welfare, social welfare, education, child guidance and rehabilitation 
may be related to pediatric practice realistically. The application of epidemiologic princi- 
ples in practice is demonstrated. The organization of a community hospital for infant 
and child care is observed. In the practices of the physicians of the community, the study 
of child development in relation to the total family can be learned more effectively by 
preceptorship than by any series of lectures on the subject. 

“One cannot discuss this program without pointing out some possible pitfalls to be 
avoided. First, the program must not become simply one of service to the physicians in 
the community who may desire to exploit it for their own purposes. This logically leads 
to a consideration of a second potential problem which is that adequate supervision and 
teaching may not be provided in the affiliated hospital. At each of the affiliated hospitals 
in which our residents serve, we have been fortunate in having a nucleus of well-trained 
pediatricians actively interested in teaching. These men compare favorably to the teaching 
staff of a medical center. Where such individuals are not available locally, it would 
of necessity be the responsibility of the teaching institution to provide teaching personnel 
either on a full-time or part-time basis. The qualitative aspect of the training is of utmost 
importance; unless these programs are carefully organized and closely supervised, 
potentially valuable training and services may fall into disrepute and result in dilution 
of training.” 

It is one thing to evaluate decentralized residency training from the professor's chair, 
but it is something else to look at it through the eyes of the residents. We have there- 
fore gone directly to the residents who have been through these rotation periods and 
we have prompted them to talk freely when their chiefs were not around to hear any 
criticism. We have been much impressed with the favorable reactions which we have 
heard from these residents. Not infrequently they were at first reluctant to contemplate 
a period of months away from the teaching center which they had chosen for their 
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residency training. However, once they were on service in the affiliated hospital, and 
more especially when they could consider it in retrospect, almost invariably they agreed 
that the time thus spent was a valuable part of their training, bringing them experience 
which they would not have had at the university center. 

The comments of one of Dr. Poncher’s residents is typical not only of others on his 
service, but residents who have had similar experience elsewhere in the country. His 
remarks may be summarized roughly as follows: 

“T expected to find some objections on the part of the pediatricians in the community, 
but there was no apparent difficulty. They are all over-busy practitioners and were delighted 
to have the help I was able to give them at the hospital. The same was true of the general 
practitioners. Sometimes the general practitioners were resistant to suggestions which I 
made for the treatment of their patients, but later, although they wouldn’t admit it, 
I found that they had accepted the suggestions. The general practitioners seem particularly 
interested in observing the infant feeding in the hospital. Previously they seemed to be 
using proprietary preparations without much idea of what they. were giving to their 
infant patients—undoubtedly a reflection of the diligence of the detail men in this area. 
One of the best parts of my experience was the opportunity to spend three or four after- 
noons a week in the pediatric office of the pediatricians on service at the hospital. The 
pediatricians seemed to lean over backwards to avoid giving me the routine work of their 
offices. On the contrary, they seemed anxious to teach me about the care of patients in 
private practice. I certainly learned many things that I would never have learned in the 
formal hospital training. On several occasions I went out on house calls with the senior 
pediatrician. On the whole, I had a chance to see what really goes on in pediatric practice.” 

One fact that warrants particular attention in Dr. Poncher’s program is that residents 
go to the outlying affliated hospital early in their residency training, sometimes with no 
previous pediatric training at all. Although the wisdom of this policy may be open to 
question, it was the opinion of the residents that there was definite advantage to having 
the period of rotation early in their residency training. In their words, it opened their 
eyes to many aspects of residency training and made their subsequent hospital experience 
much more valuable than it would otherwise have been. None of the residents felt that 
they were at too much of a disadvantage having had no previous pediatric residency 
training. This was undoubtedly due to the close supervision of the pediatricians on the 
staff of the affiliated hospital. 

Another interesting feature of this program is the time spent in the private office of 
practicing pediatricians. There was no feeling that during this time the resident was 
being exploited or made to do a lot of routine work. During this preceptorship, the 
residents learned not only how to handle patients and their families, but also learned 
something of the art of consultation and something of the economics and the bookkeeping 
of private practice. 

Thus, although the University Hospital service is relatively small and highly selective, 
it is able to train a larger number of residents and to give them a much broader experience 
than would be possible without the decentralization program. 


OTHER ASPECTS OF DECENTRALIZATION 


Rotation of pediatric residents for variable periods of time in hospitals affliated with 
the University center has developed in many other areas of the country and in a pattern 
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suited to local circumstances. In fact, the trend toward this aspect of decentralization 
appears to be moving with astonishing rapidity. 

For many years pediatric residents on service at the Duke University Hospital have had 
part of their residency training in affiliated hospitals scattered through North Carolina. 
The Children’s Hospital of Philadelphia has been sending its senior residents for two 
months each to the Polyclinic Hospital at Harrisburg. The Children’s Hospital of Boston 
has established affiliation with the Pediatric Service of the Beverly Hospital. For the past 
two years the Pediatric Department of the University Hospital at the University of Mary- 
land has rotated residents through the Peninsular General Hospital in Salisbury, Maryland. 
The Pediatric Department of the University of Louisville School of Medicine and the 
University of Wisconsin Medical School have established similar affiliations for the 
training of their residents. 

These programs for the rotation of residents through affiliated hospitals should be 
regarded as only a part—although an important part—of the decentralization of pediatric 
education. A more familiar and time-tested method of decentralizing medical education 
consists of the extension lectures which have developed under the auspices of medical 
schools, medical societies and departments of health. This may be characterized as the 
“circuit-rider’”’ type of program in which teachers go out from the medical schools and 
teaching centers to hold lectures for those physicians who do not have the time or 
inclination to go into the teaching center for a refresher course. Although this is an 
intermittent shot-in-the-arm type of postgraduate education, it has been well received 
by practicing physicians who, for one reason or another, are unable to attend a longer 
course. 

As an example of this latter type of postgraduate education, we may cite the program 
which has been developed by the Department of Pediatrics of the Tulane University 
School of Medicine in order to extend postgraduate pediztric teaching into the southern 
part of Mississippi. A pediatric consultant spends half of his time in the Pediatric Depart- 
ment of the Medical School and half of his time travelling and visiting the private 
offices, the health agencies, the parent-teacher organizations, the Rotarians, the Kiwanis, 
the Elks, throughout the southern part of the state. He plans his trips so that, in a three-day 
visit to a county, he will be present at one or more luncheon clubs, visit with and discuss 
problems concerning the individual practitioners in the area, visit the principal of the 
school and see the officers of the parent-teacher organizations. In the area covered by this 
postgraduate pediatric teacher, there are only two pediatricians and two hospitals of more 
than 25 beds. He is subsidized in part by the Medical School and in part by the Mississippi 
State Health Department. While this program covers southern Mississippi, similar ones 
are developing in northern Mississippi and Tennessee under the auspices of the Pediatric 
Departments of the University of Tennessee and Vanderbilt University. Another one is 
already established in Louisiana, emanating from Louisiana State University. 


CENTRALIZATION 


In the channel that is established between the metropolitan center and the outlying 
areas, the traffic is not all one way. Along with the outward flow, there is a certain inward 
flow. Decentralization is matched in part by centralization, whereby physicians come to 
the teaching center for their graduate and postgraduate training. 

Attention has already been called to the postgraduate courses in pediatrics given by 19 
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medical schools and hospitals, varying in duration from a few days to one or two years. 
One of the most popular postgraduate programs in pediatrics is the Southern Pediatric 
Seminar which is held annually for two weeks at Saluda, North Carolina. One hundred 
to two hundred physicians in general practice from the surrounding states attend a series 
of lectures in the morning and clinics in the afternoon. This group of general physicians, 
living together with the pediatric faculty and discussing pediatric problems for two 
weeks each year, has greatly improved the child care throughout the state. 

It has been noted in the discussion of specialty boards that approved residencies in 
general practice are now being recognized by the Council on Medical Education and 
hospitals of the American Medical Association. In these residencies, pediatrics is estab- 
lished as one of the four major fields of training, along with medicine, surgery and 
obstetrics-gynecology. No clearer evidence could be given of the importance attached 
to the training of pediatrics for the general practitioner or for the need for pediatric 
teaching centers to accept responsibility for the pediatric education of those who are 
to take care of most of the children, namely, the general practitioners. 

It is no easy matter for a pediatric service to make room for an intern who is training, 
not for pediatrics but for general practice. In the few months that the rotating intern is 
on service, he has barely enough time to become sufficiently familiar with the service to 
be of real use. He is then replaced by his successor. Nevertheless, this responsibility 
is a very real one which is being given much needed consideration by pediatric educators. 


PRINCIPLES AND PITFALLS 


It is very apparent that decentralization of pediatric education and service is progressing 
rapidly throughout the country. It is equally clear that it is developing as need and 
circumstance have indicated and with very little direction. Like Topsy, ‘‘it has just 
growed.” A review of the experiences which have been gained permits us to note the 
pitfalls inherent in the planning and to set forth some guiding principles. 

First, it is to be emphasized that a well-rounded program for graduate and post- 
graduate pediatric education has four fundamental elements: 

1. Rotation of residents through affiliated hospitals. 

2. Extension lectures of the circuit-rider type. 

3. Postgraduate courses at the teaching center. 

4. Hospital service in pediatrics for the physician training for general practice. 

Each of these four elements has its own particular values, but no single one of them 
is as strong when standing by itself as when it is operating conjointly along with the 
others. For example, when the resident is on service in the pediatric service of an affiliated 
community hospital it should be a part of his duty to arrange for lectures and clinics of 
pediatric interest. He should be responsible for working out the program with the 
advice of the staff of the local hospital and for making arrangements for the visiting 
lecturer from the teaching center. These clinics should be so well conducted and so 
stimulating that they will attract general practitioners from the surrounding areas. In this 
manner graduate and postgraduate education are closely interwoven. The pediatric resident 
during his graduate training is involved in postgraduate training for the general 
practitioner; at the same time his contact with active practitioners gives him an apprecia- 
tion of the problems of practice. 

It was pointed out in regard to the Illinois program that the residents did not seem 
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to find themselves at a disadvantage by being precipitated into an affiliated service early 
or at the very beginning of their pediatric hospital experience. Nevertheless, this is not 
a procedure to be generally recommended, The resident should be so well along in his 
pediatric training that he is able to stand on his own feet. He should know how to 
diagnose and treat the patients under his care, turning to senior staff only for unusual 
situations. When the resident is sent out on rotation, he should usually be in his third 
year of hospital training, having had one year of internship, either general or pediatric, 
and one year of pediatric residency-type training. 

One of the most important requirements of a successful program is that one or more 
pediatricians of high standing should be on the staff of the affiliated hospital. These 
pediatricians should be board certified or at least eligible for certification and, even more 
important, they should assume earnest responsibility for the teaching of the resident. 
To some this may seem an arduous task in addition to the demands of a large and busy 
practice, but it is not without its reward. It results in a closer contact with the teaching 
center, the very thing that pediatricians in outlying areas may particularly miss; the 
resident fresh from a university hospital cannot help being a stimulant to the busy 
practitioner who has difficulty in keeping up with the latest advances in pediatrics; and, 
a very practical contribution, there is someone on service in the local hospital on whom 
the senior pediatrician can rely for intravenous treatments, transfusions, and constant 
care of his patients. 

Another of the pitfalls has already been mentioned: The resident during his period 
of rotation must not be allowed to be exploited by the local hospital or the local physicians. 
If, because he supplied another pair of hands and feet, he is made to do a lot of routine 
work that heretofore has been done by someone else, or more likely by no one at all, 
it is obvious that the plan cannot work. Two years of residency training, which is what 
the Board requires, is all too short a time to train a pediatrician. It is unfair to his 
future to allow any part of this time to be wasted or to introduce any factor which will 
dilute his experience during this valuable period. 

Decentralization, or more specifically rotation of residents, has not infrequently been 
criticized as a dilution of this precious experience. This is undeniably a hazard, but a 
hazard which can be avoided if the essential requirements of a good program are met. 
And it is well to keep in mind that residency training can be diluted at the center as well 
as at the periphery. The number of residents at the teaching center is sometimes increased 
so that the residents seem almost to outnumber patients. The more outstanding a pediatric 
center and the greater its reputation, the greater the tendency to expand the resident 
staff to the point that the training of the individual resident suffers. In this situation 
the resident adds to his experience rather than detracts from it by a couple of months 
On rotation on another service. 

There must also be assurance that the pediatric service to which the resident goes 
for his period of rotation is sufficiently large, active and diversified. Less than 20 to 25 
general pediatric beds provides too little clinical material. Attention may also profitably 
be given to parts of the training program which may be weak or lacking at the center. 
For example, a teaching center which offers little opportunity for experience with 
contagious diseases or normal newborns may fill these gaps in the affiliated hospital. 

It is the general consensus of both pediatric educators and residents that two to three 
months is long enough to spend on rotation away from the base. The Board of Pediatrics 
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has approved a maximum of three months out of any one year, or six months out of 
the total two years. This, we agree, is a very reasonable limit; possibly it is too generous, 
for there are very few situations in which a period of six months can be considered 
justified. However, it is obvious that no absolute rule can or should be imposed. A plan 
which works well in one area may be totally unsuited to another. It is for this reason 
that the Board has very wisely followed the principle that the chief of the pediatric 
service should carry full responsibility for the training of his residents. If his training 
program is inadequate, the fact will soon be revealed when his residents come up for 
examination by the Board. 


CONCLUSION 


With due regard for the pitfalls and the principles which have been learned by 
experience, decentralization systems may be developed according to the variable resources 
and needs of differing areas. It is little wonder that this movement is gaining momentum 
so rapidly, for it accomplishes so much simultaneously. Graduate training for the resident 
is strengthened. The physician-to-be, whether pediatrician or general practitioner, learns 
more of the type of problem he will be facing when soon he will be out on his own. 
Continuing postgraduate education is brought to the general practitioner in his own 
area and in relation to his own patients. A direct channel is established between the urban 
center and the rural practitioner. The medical school and its teaching hospitals extend 
their services not only through the immediate community but also through the state and 
even into neighboring states which do not have the advantage of a medical school. The 
latest results of research, new diagnostic aids and therapeutic procedures are brought 
immediately to physicians and hence to children even in the remote areas. When this 
program is effective, the children living in the counties which were classified as isolated 
are isolated no longer. 











CHAPTER VI 
OBSTACLES: FINANCIAL AND OTHER 


E HAVE described in considerable detail the need for better medical care; we 

have shown the wide disparities in the amount of health services for children 
among differing economic groups and between urban and rural areas in various parts of 
the country, We have also reviewed the pediatric training of the physicians who are 
taking care of children and have shown the need for orienting both the general practitioner 
and the specialist in the practical and preventive aspects of child care which figure so 
prominently in their daily practice. 

Regional planning and the decentralization of pediatric service have been proposed 
as a common denominator for strengthening graduate and postgraduate pediatric edu- 
cation while at the same time it tends to spread the high quality medical care of the 
university center to the outlying areas where the greatest deficiencies exist. 

There are, however, many obstacles which must be met before better health can be 
brought to all children. Some of these relate to medical services and some do not. The 
problems of housing, children crowded together in one room and sometimes in one 
bed, proper food and clothing, all have a profound bearing upon health. Correction 
of such factors is outside the special province of the medical profession and depends 
upon community programs for slum clearance and attention to the general needs of the 
indigent. 

Then there is the lack of knowledge of existing services. A community may have 
the best of hospitals, doctors and health services; provision may be made for the indigent 
to obtain the benefits of good medical care in equal measure too with the well-to-do. 
All this is of little benefit to the child if the parents do not know enough or are too 
lazy to make use of what is available to them. The medical profession can go only so 
far in bringing good medical care to the people; the rest depends upon an intelligent 
response on the part of the lay public. 

A child was recently brought to the admitting room of a prominent children’s hospital. 
It was soon apparent that she had meningococcus meningitis and that she had had it 
about a week without medical attention of any kind. She lived in the next block to the 
hospital! Her mother had been too careless or too ignorant to call in a doctor or bring 
her to the hospital. Hospitals can not reach out and bring in patients who need medical 
care. 

In addition to the ignorance or apathy which may block a child from medical attention, 
there is the reliance which many parents place upon nostrums and home remedies handed 
down through the generations. The result is that much home treatment is given for 
serious illnesses which may be allowed to progress too far before medical care is sought. 

These and many other factors must be taken into consideration in long range planning 
for the improvement of health conditions. But the element which seemed to lie most 
consistently behind the inequities which were defined in the study was the economic 
one. Where per capita income was high, there were more and better trained physicians, 
more and better equipped hospitals, more babies born in hospitals, more public health 
services and lower infant mortality. In a ranking of the states according to per capita 
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income, there was a consistent and dramatic decline in the amount and quality of medical 
care as one followed down the economic scale. The lower the per capita income the 
lower the rate on each of the categories of medical care. 


THE ROLE OF THE FEDERAL GOVERNMENT 

In recognition of the need to meet the economic obstacle to medical care and to 
promote the health of the nation’s low income population, the Federal government 
provides grants-in-aid for states for the support of a variety of public health programs. 
Various formulas have been devised for these grants so that proportionately more money 
is allocated to the poorer states than to the richer ones. Additional well established 
functions of the Federal government include: grants for research made directly to medical 
schools and other private and public institutions, as well as direct participation in medical 
research in Public Health Service laboratories: Federal aid in the control of communicable 
diseases, such as tuberculosis and venereal diseases; grants to states for maternal and 
child health and crippled children’s services; grants for study and control of certain 
specific categories such as cancer, mental hygiene and heart disease; aid in the training 
of personnel needed for these specific programs; and grants to states for hospital con- 
struction, especially in rural areas. 

One measure of the extent of Federal participation in health and welfare programs 
is in terms of dollars. For the fiscal year which began July 1, 1949, Congress approved 
appropriations for the U. S. Public Health Service as follows: $16,000,000 for venereal 
disease control in cooperation with state and local health departments, medical schools, 
hospitals, private physicians and other non-governmental groups; $9,550,000 for the 
tuberculosis control program in which expansion of mass X-ray case finding is con- 
templated—already more than 10 million persons are being X-rayed annually through 
the combined efforts of Federal, State and local official health agencies ;?° $11,612,000 
for a broad mental health program including research to discover new and improved 
methods for prevention and treatment, community services for more widespread applica- 
tion of existing knowledge, and training of more mental health personnel to carry on 
research, treatment and training; $7,350,000 to assist states in the investigation and 
control of communicable diseases such as malaria, typhus and plague, including the 
training of health personnel in food sanitation, milk sanitation, insect and rodent con- 
trol and environmental sanitation in general; $16,600,000 for grants to states for 
general public health work and the development of local health services. In addition, 
Congress authorized the Public Health Service to approve hospital construction projects 
up to a total of $225,000,000, covering the past two fiscal years and the current one. 
For administrative expenses in connection with this program, an additional $1,200,000 
was appropriated. The National Institutes of Health are the medical and scientific research 
arm of the Public Health Service. For general research programs in such fields as spotted 
fever, peptic ulcers, and nutrition, Congress appropriated $12,075,000 which includes 
also programs of fellowships and grants-in-aid for general medical research in universi- 
ties, hospitals and other institutions. For the program of the National Cancer Institute 
$18,900,000 was appropriated for research, training of research workers, loans of 
radium to hospitals, cancer education and assistance to states in the control of cancer. 
For the program of the National Heart Institute, Congress appropriated $10,725,000 
for construction, research and training grants in the field of cardiovascular diseases. The 
amounts stated here do not include additional appropriations for the National Institutes 
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of Health to provide for “forward financing” so that assurance may be given to research 
workers that work once started under these grants may continue to have financial sup- 
port after the end of the current fiscal year. Finally, additional appropriations were made 
to the Public Health Service for dental health activities ($1,780,000), water pollution 
control ($2,200,000), and an emergency public health program in Alaska ($1,300,000). 

For the program of the U. S. Children’s Bureau, Congress has renewed an appropri- 
ation for the current fiscal year of $11,000,000 for maternal and child health services; 
$7,500,000 for crippled children and $3,500,000 for child welfare services, In addition 
to these funds, Congress appropriated $1,466,000 for research activities and administrative 
expenses of the Bureau. 

There has been a tendency on the part of leaders of the Children’s Bureau to use 
these funds irrespective of the economic status of the child or the family, In her 
Presidential address at the annual meeting of the American Public Health Association 
in November, 1948, Dr. Martha Eliot, then Associate Chief of the Bureau, stated: 
“Because our children’s needs are urgent, I believe that it is a public responsibility to 
see that all services and facilities necessary to meet these needs are made available as 
rapidly as possible. The only way we can be sure of doing this is through a public 
program, one that does not involve a ‘means test,’ one that is as freely available to 
mothers and children as is our public education system.” 

The parallelism with our public education system is one which has been used fre- 
quently as an argument against a “means test.” It does not hold up under critical scrutiny. 
Private enterprise has continued to live along with public support of schooling for our 
children. It is said that the same thing would happen under a universal compulsory health 
insurance program and that those who wished to would still be able to have their own 
private physicians. But would they ? 

It has not worked this way in England. The private practice of medicine is very rapidly 
becoming extinct under the British National Health Service. It cannot compete with 
the government program. 

All parents expect to send their children to school. In fact, it is required by law. 
But, with the exception of the first year or two of life, most parents look upon the 
services of a physician as something which they hope to get along without. Illness and 
medical bills are looked upon as an unfortunate deviation from the normal course of 
events and are not provided for in the family budget. 

Furthermore, the medical profession looks with grave misgiving at the impoverishment 
of the public school system. It is freely admitted that the salaries of public school 
teachers are altogether out of keeping with the importance of their work. It is estimated 
that only slightly more than half of the country’s teachers are now paid as much as $2,400 
annually. The salaries of about 12 per cent are estimated at less than $1,600.27 With 
limitation of pay, quality of service invariably deteriorates. The medical profession does not 
wish to find itself in a similar situation or participate in any program likely to result in a 
decline in the quality of medical care. 

The Children’s Bureau’s opposition to the idea of a means test is, rather inevitably, 
along the party line. Mr. Oscar Ewing, Federal Security Administrator and thus chief 
of the agency in which the Children’s Bureau finds itself, has repeatedly come out for 
medical service to all, irrespective of the individual’s ability to pay. In his report to the 
President, The Nation’s Health, he sets forth the goal: ‘To assure for every individual 
his utmost degree of health—a condition in which all his physical and mental powers 
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are functioning at their best—through providing complete health and medical services 
to everyone in the Nation; to do this for every man, woman, and child, without regard 
to his race or religion, the color of his skin, his place of national origin or the place 
he lives in our land, and without regard for his personal economic status.” And specifi- 
cally for maternal and child health: “To assure to every child in the country the utmost 
degree of health, a condition in which all his physical and mental powers are functioning 
at their best; to do this through a national plan that will build progressively toward 
complete medical care, and social, psychological, and health services for all children 
and mothers in childbirth wherever they live and whatever their race or income.” He 
then continues with the method: “I therefore recommend that the President continue 
to urge upon the Congress the earliest possible enactment of government health insurance 
in some such terms as outlined in this report.’’** 


THE POSITION OF THE ACADEMY 


The American Academy of Pediatrics has repeatedly gone on record as favoring the 
use of government aid for those unable to meet necessary costs on their own account. 
In 1939 the Academy adopted a resolution which was reaffirmed in 1946: ‘Resolved, 
that the American Academy of Pediatrics, regarding the provisions for maternal and 
child welfare, favors the use of public funds to provide such services to those groups 
of the population unable to pay for medical services, to the end that the standards of 
medical care may be maintained at a high level among such groups.”*° This same stand 
was again taken at Senate hearings on the question of compulsory health insurance in 
1949. 

When, however, it comes to the use of public funds for those who can pay their 
own way, a vigorous protest arises. Why should medical care be supplied to everybody 
on an equal footing when nothing else in life is so arranged? To be sure there is need 
for better medical care and for better distribution of medical care but passing laws to 
pay for it does not automatically produce it. 

The simple fact of the matter is that no program for meeting the costs of medical 
care, either through grants-in-aid to states, or, for that matter, through prepayment 
systems whether voluntary or compulsory, can effect better or more evenly distributed 
medical care for children or any other bracket of the population until well trained 
physicians are available to render that care. It is to the skill and training of those who 
are rendering the service that primary attention should be given rather than systems of 
paying for the service. 

In our opinion, it is essential to provide for more physicians who are well trained in 
the medical care and health supervision of children before other health measures can 
be successful. This need can be met only by strengthening pediatric education in medi- 
cal schools and hospitals for undergraduates and graduates, for general practitioners and 
specialists, and by bringing the benefit of this teaching to the child wherever he is. 

Under present conditions, however, any attempt to strengthen pediatric education is 
immediately blocked by the fact that medical schools are finding it increasingly difficult, 
if not impossible, to maintain even present standards. Thus the economics of medical 
education cannot be separated from the economics of medical care; they are integral 
parts of the same problem. 

The seriousness of the financial situation facing medical education has been stressed 
in our joint report: “Child Health Services and Pediatric Education.” It is a matter which, 
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somewhat belatedly perhaps, is demanding attention. Departments of pediatrics feel the 
implications of this crisis to an extent which in many respects handicaps them more 
severely than other departments. A very large part of all medical education is provided 
by practicing physicians who receive little or no remuneration for the time they give to 
teaching. The pediatrician deals with families whose children are young and whose 
business incomes are just starting. In order to make a living the pediatrician can not 
rely on large fees from a few patients, but must carry a large and time-consuming number 
of patients. He is, therefore, limited in the amount of time he can give to teaching 
when no funds are available to reimburse him for this service, which is usually the 
case. In view of this handicap, it is indeed remarkable that so many pediatricians do 
manage to give so much time to this non-remunerative service. 

Furthermore, since departments of pediatrics are comparative newcomers among 
major services they are in a less favorable financial position than older departments, 
many of which have been able to accumulate endowments. Half of the medical schools 
were found to have pediatric budgets less than $25,000; 21 departments less than 
$10,000; and 11 less than $5,000 annually, Even these meager funds are obtained in 
large measure by dint of incessant work on the part of department heads and others 
whose time should be devoted to other duties. 

Any attempt to express pediatric department budgets as a proportion of the total 
budget of the medical school is immediately involved with inconsistencies in bookkeeping 
and many other complicating circumstances. Although these difficulties must be admitted, 
the proportion of the school budgets allotted to pediatric departments appears highly 
significant; in only half of the schools did the pediatric department get as much as 
2.8% of the school budget. 

The inadequate budgets of pediatric departments are only part of the problem. The 
cost of medical education to the student is such that, unless he belongs to the privileged 
few, he has not the means to continue his course long enough to acquire special knowl- 
edge. The expenses of the medical student, including tuition, are about $2,000 annually 
for a period of four years. During his hospital internship he usually receives little or no 
remuneration. By the time a physician is undergoing his hospital training, he is in his 
mid- and often late twenties, perhaps married and with a family. It is not surprising 
therefore, that he may have to cut short his hospital work or that, if he has persevered 
through long specialist training, he may choose to settle in an urban community where 
income from practice is apt to be relatively high and where he may make up for his 
heavy expenses and late start. 

The importance of research in all aspects of child life can hardly be overemphasized. 
It is very evident that the greatest advances can be made when research is supported 
and financed in connection with the general educational system in medical schools and 
that money appropriated for general education should be appropriated in such a manner 
that a certain amount of it, determined by the medical school, should go for research. 
The inter-relationship of medical education and medical research is clear. Each supports 
and furthers the other. Special grants for research are obviously of great value but 
often this type of support has been pressed to the disadvantage of the more basic support 
of educational institutions. 

The inadequacy of financial support for pediatric education and research stands in 
sharp contrast to the funds available for medical services. As has been noted, $18,500,000 
are appropriated annually by Congress for maternal and child health; it has been estimated 
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that expenditures from private sources amount to approximately $100,000,000 for child 
health and welfare programs. In sharp contrast to these figures is the $3,000,000 for the 
pediatric department budgets of all medical schools. Thus, for every dollar that private 
charities spend annually on child health and welfare programs, only 3 cents is available 
to pediatric departments to train the doctors who must in large measure be responsible 
for these programs. It is little wonder that all too often these programs are limited in 
scope and effectiveness by lack of well trained physicians. ' 

In the light of these considerations it is evident from the medical viewpoint that 
better pediatric education is required and thus more financial support for pediatric 
training is needed. Funds are needed to aid medical schools in training undergraduate 
and graduate personnel in matters relating to medical care and health supervision of 
children; to provide fellowships for the purpose of enabling graduates from approved 
medical schools to continue special pediatric training; to enable medical schools to 
develop decentralized systems of pediatric teaching whereby hospital residents or fellows 
rotate through periods of service in outlying community hospitals affiliated with the 
teaching center, thus extending services of high quality outward from the medical schools 
into the very areas where deficiencies in medical care now exist; to keep physicians in 
outlying or rural areas abreast of the latest developments in the teaching centers and 
close the gaps between the new knowledge and its application to people; to aid hospitals 
and other teaching agencies and institutions concerned in pediatric education, and the 
maintenance of high standards of teaching. 

But where are the funds to come from? 

This question was anticipated even before the final results of the study were analyzed. 
It was very obvious at the outset that one of the most immediate and important steps 
for the improvement of child health lay in providing a broader and stronger teaching 
base so that adequate training might be given to all physicians who care for children. 

There seemed to be slim hope that under existing circumstances the necessary funds 
could be obtained on a continuing basis from private sources. Already heavy taxation 
has drained dry those sources that have been customarily looked to in the past. It seemed 
probable, therefore, that the Federal government, which in such large measure has 
absorbed philanthropic resources, would in the end have to supplement available funds 
for pediatric education. 

The use of Federal funds to support medical schools and teaching hospitals cannot 
be approached without apprehension: apprehension of Federal control and bureaucratic 
interference with the policies of the institutions concerned; apprehension that expanded 
budgets may encourage volume rather than quality; apprehension that, once started, 
more and more responsibility shifts from the local community where it belongs to an 
increasingly powerful central authority in Washington. 

It was because of these considerations that the Academy of Pediatrics looked very 
carefully at the programs under which medical education is already supported financially 
by the Federal Government. 

As previously noted, the National Cancer Institute has funds available not only for 
research and control of cancer “but to provide training and instruction in technical 
matters relating to the diagnosis and treatment of cancer; to provide fellowships in the 
Institute from funds appropriated or donated for such purposes.” Accordingly, grants 
are made directly to medical schools and dental schools for teaching salaries and equip- 
ment for teaching. In addition to these grants, which are related primarily to under- 
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graduate teaching, additional funds are available for clinical traineeships in order to 
assist young physicians with special interest in cancer problems to continue their training 
long enough to acquire special knowledge. 

As of February 1, 1949, the National Cancer Institute had made 231 trainee appoint- 
ments since the beginning of the program; 68 of these were still active. In the fiscal 
year, 1948-1949, the Institute could make appointments to only about one-fourth of 
the applicants, many of whom were well qualified.*° 

The experience of these trainees was recently reviewed and reported from the National 
Cancer Institute. The physicians who had served in these traineeships were in a position 
to know the merits and shortcomings of the program. Accordingly, a questionnaire 
asked the trainees to offer comments and make suggestions as a result of their experience. 
As a result of this review, it was reported “the consensus was that training received 
under the program had been excellent and highly valuable to the trainees in their pro- 
fessional careers. Several said that without this financial aid they would not have been 
able to ‘continue special training.’ *° 

In a similar fashion funds are available for undergraduate and graduate training 
under provisions of the National Mental Health Program and the National Heart 
Institute. As in the cancer program, grants are awarded to universities, hospitals, and 
clinics for training in these special fields. Provision is also made for individual scholar- 
ships and fellowships. 

A recent compilation of grants awarded by the Public Health Service was reported by 
Dr, C. J. Van Slyke, former Chief of the Research Division of Grants and Fellowships.** 
This report lists the Public Health Service awards made between January 1, 1946, and 
August 31, 1947, which totalled $10,214,174. A total of 629 scientists in 193 institutions 
shared in these grants which supported research projects in 97 universities and colleges 
and in 34 hospitals and clinics. Additional grants “to encourage promising students 
interested in becoming proficient in research and medical sciences” were, as of a recent 
date, awarded for 356 fellowships. 

Less attention has been given to the fact that the Children’s Bureau funds are also 
used in support of medical education. Dr. Edwin F. Daily, Director of the Division of 
Health Services, describes this aspect of the Bureau's activities as follows: 

“The Social Security Act of 1935 authorized the Children’s Bureau to make grants-in- 
aid to State agencies for extending and improving maternal and child health and crippled 
children’s services. Many of the State agencies have used portions of these grants for 
the training of personnel needed to render the services. All such grants must, by law, 
be made to the official state agency and cannot be made directly from the Children’s 
Bureau to teaching institutions, as allowed under the national cancer program or the 
national mental health program. State health agencies have used these funds under 
agreements with several medical schools, including the Universities of Nebraska, Colorado, 
Utah, Louisiana, Arkansas, and Meharry Medical College, to further education and 
service programs. These projects are not confined entirely to teaching purposes but 
cover service costs as well, as for example in the Premature Program at the University 
of Colorado or the Louisiana State University. Several schools of Public Health, of 
Dentistry, Nursing, and Medical Social Work have also received Federal Maternal and 
Child Health funds from their State health departments for developing postgraduate 
courses needed for the personnel providing services under these programs. During the 
current year more than $1,000,000 of the $18,500,000 of Federal funds available for 
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maternal and child health and crippled children’s services is being expended by the 
States for the training of personnel and in connection with educational institutions.*?” 

Information on the crucial point of whether interference with University freedom has 
been encountered by those receiving and administering government grants comes from 
an independent and direct inquiry undertaken by two professors of pediatrics, both of 
whom have had experience with the use of Federal grants in their own departments. 
Dr. Myron E. Wegman, Professor of Pediatrics at Louisiana State University, and Dr. 
Ralph V. Platou, Professor of Pediatrics at Tulane University, mailed a questionnaire to all 
heads of pediatric departments. They received a reply from all and reported that nearly 
half (41 per cent) are now receiving Federal grants, either directly or through a 
State agency. In every instance the general experience was cited as satisfactory.** 

In the light of these facts the Executive Board of the Academy, surrounded by facts 
emerging from its study and aware of the potential danger of Federal dollars to support 
training in the field of its special interests, took the stand that carefully considered 
action, even though dangerous, was better than no action at all. A statement was pre- 
sented,** first drafted by the Academy's Committee for the Improvement of Child Health, 
recommending limited support for pediatric education comparable to that already avail- 
able for training in other special fields. 


CONCLUSION 


By way of summary it may be re-emphasized that the Academy continues to accept 
the principle that the use of public funds to provide medical care should be restricted 
to those unable to meet the necessary costs on their own account. 

Secondly, before any medical care program can be made effective there must be 
assurance of a sufficient number of well trained professional personnel to render the 
services called for. Toward this end, ways and means must be found to support medical 
education with due regard to the needs of pediatric training for general practitioners 
and specialists at undergraduate and graduate levels. Financial support should be sought 
from private sources; if such is not available, public funds, free from political control, 
should be made available to the teaching institutions. 











CHAPTER VII 


THE ROAD AHEAD TO BETTER MEDICAL CARE 
FOR CHILDREN 


HE road to better child health has been discussed in relation to the doctor and 
yee training, health services and their distribution, We have dealt with the un- 
avoidable question of costs. Particular attention has been given to some of the advantages 
and dangers of decentralization of pediatric education and services. Each of the various 
subjects has been discussed from the point of view of its bearing on the ultimate objective 
of better health for all children and the steps necessary to attain this goal. 

Now, we may stand back from the many details of the picture, view the whole 
objectively and note its most outstanding features. 

First is the fact that the improvement of child health depends primarily upon better 
training for all doctors who provide child care, general practitioners as well as specialists. 
This is the foundation without which the rest of the structure cannot stand. 

The second dominant fact is the need for extending to outlying and isolated areas the 
high quality medical care of the medical centers, without at the same time diluting 
the service or training at the center. 

The road to better medical care, therefore, begins at the medical center and extends 
outward through a network of integrated community hospitals and health centers, finally 
reaching the remote and heretofore isolated areas. 

Inherent in all medical schools is a unique potential for rendering medical services 
as well as actually training physicians, The very nature of medical education—whereby 
doctors in training work under the tutelage of able specialists in the clinic, hospital ward, 
and out-patient department—provides medical services of high quality to people in 
the neighboring communities. Indeed, it has become almost axiomatic that the health 
level of both rich and poor is higher in communities where medical teaching is done 
than in communities where there is no medical training center. 

The influence of the medical center must be strengthened, widened, decentralized, 
and extended outward to the remote communities. But before this can be achieved we 
must reckon with the fact that medical schools are now so hard-pressed financially that 
they find it difficult to maintain even present standards. The future of medical care is 
primarily dependent upon good medical education, and good medical education is the 
most expensive form of professional training. Only a small proportion of medical 
school income is derived from students’ tuition fees; these fees cannot be increased 
unless we are to make medical education the privilege of the wealthy rather than an 
opportunity for all. 

Irrespective of the arguments for and against extending Federal support into the field 
of pediatric teaching, comparable to the support which is now being given in many 
other specialty fields, one thing is certain. Financial support for medical education 
must come from somewhere before we can achieve our objectives in the improvement 
of child health or the health of any other part of the population, Until adequate provision 
is made for giving to the physicians who care for children—and again we repeat this 
means general practitioners as well as specialists—a thorough training in medical care 
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and health problems of childhood, no system of paying for the costs of medical care, 
whether by grants-in-aid or prepayment on either voluntary or compulsory basis, will 
bring us to the goal of better health for all children. 

To put things in their proper order, attention should first be given to strengthening 
the basic teaching budgets of medical schools so that doctors may be better prepared 
to take care of sick children and the health supervision of well children. It must be 
made possible for more doctors, after graduation from medical school, to acquire fuller 
hospital training in pediatrics before entering practice. By decentralizing and extending 
pediatric education and services to outlying hospitals, postgraduate education may be 
brought more directly to the hard-pressed general practitioners, while at the same time 
the skills and up-to-date methods of the teaching centers are brought to children in areas 
where deficiencies in medical care have been shown to exist. 

This course of action complements and is complemented by another which has not 
been within the scope of this report. There is obviously a limit to the effectiveness of 
decentralization. Through greater use of group practice coupled with prepayment 
insurance on a voluntary basis, both quantity and quality of medical care are strengthened 
and the mechanism provided for meeting the costs—all except for the indigent, the real 
down-and-outers who will continue to be a community responsibility as they always 
have been. People who live in the wide-open spaces cannot expect all the advantages 
of a health clinic to be brought to their doorstep. They must be willing to travel to a 
doctor's office or a community health center for their health supervision and, except in 
the case of emergencies, there is little reason why they cannot do so, They will quickly 
enough take a sick hog in town to see a veterinarian. Certainly their children can just 
as easily be taken to a health center for immunization and a health check-up. 

The greater use of group practice is one of the most effective methods of achieving a 
greater distribution of specialist care. A well-rounded group of specialists such as surgeon, 
obstetrician, otolaryngologist, roentgenologist and pediatrician, with an internist or gen- 
eral practitioner at the core of the group, can bring good general and specialist care to a 
wide area and can, as repeatedly demonstrated, have a productive and enjoyable pro- 
fessional existence. 

Finally, it is clear that we are proposing action which calls for no interference with the 
physician’s individual initiative, no conflict with private enterprise. On the contrary, the 
effect will be to strengthen the familiar and time-honored system of private practice. In 
many areas throughout the country, the type of planning advocated here is already be- 
ginning to take root. It is a two-fold answer to a two-fold need—more training for doctors 
who are caring for children and a better distribution of medical care. Community hospitals 
are brought more directly in touch with the services of medical centers; the general prac- 
titioner is on the receiving end of a direct channel from the medical center ; and the child, 
even in remote and isolated areas, receives better medical care and health supervision. Thus, 
immediately we are brought closer té our goal of better health for every child. 
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